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Just two hundred years ago KOELREUTER started his classical 
studies on species hybrids, among others in the genus Nicottana. Two 
years later, in 1762, he obtained the first artificial species hybrids of 
Verbascum. Only a small number of publications on Verbascum 
hybrids by other authors have followed. The same regards the publi- 
cations on the karyology of this genus. Neither its species nor its 


hybrids have been studied from this side in a satisfactory way. 


In his “Pflanzen-Mischlinge” FockKE (1881) summarizes the data 
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known at that time about these hybrids. He points out that species 
hybrids of Verbascum can be obtained rather easily. In substance the 
results of KOELREUTER (1761-1766), WIEGMANN (1828), and 
GAERTNER (1849) are in accordance with each other: 

On the whole the hybrid plants have longer flowering stalks than 
the parents, they are more branched, have a larger number of flowers, 
while their flowering period is prolonged. In most cases they are 
intermediate between the parents; there is no difference between 
reciprocal crosses. Generally the anthers are badly developed; many 
of them never open. The large majority of Verbascum hybrids is 
entirely sterile. KOELREUTER found a few seeds in hybrids between 
V. phlomoides and V. lychmitis, but he ascribed their origin to back- 
crossing with one of the parents. GAERTNER mentioned a few hybrids 
as “partly fertile”’ and so did WIEGMANN. At the other hand, numerous 
small, parthenocarpic fruits are observed, in some cases rather large 
ones, but these contained shrivelled ovules only. 

SIRKS (1916) confirmed these data; the numbers of plants in his 
cultures were much larger than those of the earlier authors. Most 
especially he stresses the discrepancy between the ease of obtaining 
Verbascum hybrids and their almost universal sterility. 

The first publication in which a number of chromosomes for a 
species of Verbascwum has been mentioned is, as far as 1 am aware, that 
by ScrMmip (1906) who in an embryosac-mothercell (EMC) of V. 
montanum counted the haploid number of 16 chromosomes. 

HAÁÄKANSSON (1926) studied the meiosis of various species of 
Verbascum and of Celsia in EMC’s and PMC’s (pollen-mothercells) ; in 
a few species he could study the mitosis. In addition to cases in which 
karyological processes behaved quite normally, a few divergencies in 
the formation of gametes have been observed by him. Furthermore he 
studied meiosis in two spontaneous and two artificial hybrids; he 
discusses the origin of the various chromosome numbers. 

The meiosis of V. phoeniceum has been studied by LAWRENCE (1931) 
in connection with his hypothesis that this species may be considered a 
tetraploid. 

The numbers of chromosomes of species of Verbascum thus far 
published have been tabulated in table 1. 

From a taxonomical point of view the genus Verbascum has been 
studied by MurBECK in his monograph (1933). In this publication he 
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TABLE 1 


Mn 


Number of chro- 
Name mosomes Author 
haploid | diploid 
Verbascum 

phlomoides 16 PeErINo 1915 (after TISCHLER 1915), 
NIKOLAJEVA 1925 (after TISCHLER 
1950), HÄKANSSON 1926. 

thapsijorme 32 HÄKANSSON 1926 

simplex 16 FERNANDES 1950 

thapsus LZS HÄKANSSON 1926 

montanum 16 | SCHMID 1906 

virgatum 32 HÄKANSSON 1926 

maurum 32 id. 

ternacha 24 id. 

dentifolium 32 QuÉzer 1955 

Pulverulentum 16 PeriNo 1915 (after TiscHLER 1915) 

lychnitis 16 HÁKANSSON 1926 

sinuatum 30 Morr 1957 

chaixii + 16 HÁKANSSON 1926 

austriacum 16 id. 

nigrum 15 30 id. 

Pyramidatum 16 id. 

blattaria 16 PERINO 1915 (after TisCHLER 1915) 

15 HÄKANSSON 1926 

phoeniceum 16 PERINO 1915 (after TiscHLER 1915), 
HÁÄKANSSON 1926, MATSUURA & 
Suro 1935 (after DARLINGTON 1955) 

18 LAWRENCE 1931 


discusses more than 250 species, for which he has drafted a taxonomical 
classification; he added to his work also descriptions of a number of 
spontaneous and artificial hybrids. 

LAVIER-GEORGE (1937) made a study of the hairs on the calyx and 
on the filaments of anthers of various species and a few hybrids in this 
genus. It appeared that these appendices can be considered to be 
characteristic for the species. She thinks that a careful study of the 
hairs may help a good deal in determining the parents of natural 
hybrids. 

Verbascum is a genus furthermore cultivated for horticultural 
purposes. Since 1947 Puasrey (1953 and later) has obtained numerous 
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hybrids between species of Verbascum and between Verbascum and 
Celsia, which have been shown useful as gardenplants. Sterility in 
these crosses is no objection, because in many cases the plants can be 
multiplied vegetatively by means of rootcuttings. 

Various authors have mentioned the occurrence of Verbascum 
hybrids in nature. In many cases these authors have attempted to 
determine the parents of these hybrids by means of morphological 
comparisons. 

This publication has in view the study of the karyological back- 
ground, if any, of the phenomena of sterility (complete or partial) in 
species hybrids of Verbascum. Besides colchicine has been applied to 
obtain chromosome-doubling in F‚-plants and by this fertility of 
these hybrids, which in most crosses has appeared to be successful. 
Furthermore it is my intention to study the offspring of these artificial 
polyploids in succeeding generations to see whether the doubling is 
preserved in the offspring and to state the expected truebred character 
of these polyploids. Besides the offspring of a few partially fertile 
F‚-hybrids is available for further study. 

A very small part of this comprehensive program has been completed 
thus far; a number of details will be studied later on. In the following 
pages the meiosis of six species of this genus is described together with 
a few data of their mitosis, a number of data on their hybrids and the 
meiosis of three of these hybrids. 


IL. TAXONOMY OF THE GENUS Verbascum 


The genus Verbascum comprises a very large number of species. 
The following summary has been borrowed from MURBECKS mono- 
graphical publications (1933, 1939). 

In 1939 the number of 263 species of Verbascum has been described. 
In MurBecks opinion (1933, p. 28ff) a classification, which could 
give a picture of the phylogenetic relations within this species, for 
various reasons is impossible. His groupings are considerably divergent 
from those of earlier authors. 

First of all MurBrck separates the species V. schimperi Skan. as a 
single section Aulacosperma on account of the structure of its seedcoat, 
which closely resembles that of the related genus Celsia. All other 
species of Verbascum belong to the section Bothrosperma, which in its 
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turn is divided into two subsections, viz. Fasciculata and Singuliflora. 

The inflorescence of Verbascum is a raceme, single or compound. 
In the Fasciculata more than one flower is found in the axils of the 
bracts on the main stem or on side-branches. Such a cluster of flowers 
is called a fasciculum. Two cases may be distinguished: a. a group of 
one primary flower together with 1-3 accessory flowers in a radial 
arrangement or b. a threeflowered dichasium, sessile or not, which by a 
repeated dichasial or monochasial branching may reach a number of 
5-7 flowers. 

HUMMEL (1953) considers these clusters in the axils of the bracts 
originally a raceme with a terminal flower; by fixation of the number 
and the seats of the side-axes a cymose structure is approached, 
without ever reaching it in its final form. 

In the Singuliflora the flowers are single both on the main stem and 
on the side branches. 

The subsection Fasciculata is divided into two series: A. Heterandra, 
in which the two foremost stamens are larger than the other ones, 
while they have oblong, basifixed anthers, which pass along the 
filament; B. Isandra, in which all five anthers are kidney-shaped and 
mediofixed. This last series, comprising more than half the number of 
all species in this genus, is divided by MurBeck into Bracteolata and 
Ebracteolata, according to the presence or absence of two bracteoles 
on the pedicels of the primary flowers in the fasciculi. 

The Bracteolata are divided again into two groups with regard to 
the inflorescence. Most species have sessile dichasia in the axils of the 
bracts; they are umbel-like accumulated. These species are grouped 
together as the Umbellulifera. Another group, the Cymosa, contains 
those species which have pedunculate dichasia in the axils of the bracts. 

A further subdivision of the Umbellulifera leads to two subgroups, 
Adenanthera and Leianthera, differing in this sense, that in Adenan- 
thera the innerside of the connective of the two foremost stamens is 
pilose, in the Leianthera hairless. 

The subsection II, Singuliflora, can be divided into three charac- 
teristic series: Cladotricha, Adenotricha and Holotricha. The Adeno- 
tricha are characterized by glandular hairs only, the other series 
contain species, in which glandular and non-glandular hairs are found; 
the non-glandular hairs in the Cladotricha being forked, in the 
Holotricha not forked. 
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The Cladotricha again are subdivided into two groups, also called 
Bracteolata and Ebracteolata. 

The whole division of the genus is as follows: 

Section 1 — Bothrosperma. 
Subsection 1 — Fasciculata. 
A. Heterandra (42 species). 
B. Isandra. 
a. Bracteolata. 
|. Umbellulifera. 
+, Adenanthera (51 species). 
+. Leianthera (75 species). 
2. Cymosa (7 species). 
b. Ebracteolata (24 species). 
Subsection [I — Singuliflora. 
A. Cladotricha. 
a. Bracteolata (9 species). 
b. Ebracteolata (31 species). 
B. Adenotricha (2 species). 
C. Holotricha (10 species). 
Section [IT — Aulacosperma (1 species). 

The numbers of species belonging to each group are those mentioned 
by MURBECK in his monograph of 1933; the species described later 
have not been included. 

In my studies six species of Verbascum have been used. Four of 
them belong to the Fasciculata, viz. the Heterandra V. phlomordes 
L. and V. virgatum With., and the Isandra/Leianthera V. lwchnitis L. 
and V. gnaphalodes M.B. The other two species belong to the Singuli- 
flora, viz. V. blattaria L. (Adenotricha) and V. phoeniceum L. (Holo- 
tricha). 

The geographical distribution of the genus Verbascum is almost 
entirely limited to the Old World. Its area is enclosed between the 
east coast of the Atlantic Ocean and China. Its northern frontier in 
Scandinavia goes up to 64°30’, but towards the east it slowly moves in 
southern direction. Its southern frontier passes from Southern- 
Morocco through the Sahara and Sudan to Kenya, where it reaches the 
equator, turns northbound and passes by Somaliland, Baluchistan and 
the southern slopes of Himalaya towards China. 

The distribution of the species within this area is very different. 
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In the central part, viz. the Balkan Peninsula, Asia minor, the 
countries of the Caucasus, Syria, Irak and a part of Iran, 233 species 
are found. Outside of this central area the number of species decreases 
rapidly; near the frontiers of the area one or two species only occur. 

Many species of Verbascum have a very limited area of distribution ; 
frequently they are sharply localized. Other species are indigenous in a 
large part of the total area. 

Four of the species studied in this publication have a large area of 
distribution, viz. V. blattaria, V. lychmitis, V. phlomoides and V. 
phoeniceum. These four species occur in a part of the central area, 
whereas V. lychnitis and V. phlomoides mostly in northern direction, 
V. blattaria especially from West to East and V. phoeniceum in north- 
eastern direction have their extension. V. virgatum is found in 
Southern-France, Spain and Portugal and V. gnaphalodes in a narrow 
region around the eastern part of the Black Sea. 


III. MATERIALS AND METHODS 


The six species of Verbascum studied in this paper have been grown 
for a number of years in the experimental garden of the Genetical 
Institute at Haren (Gron.). Three of these, viz. V. blattaria, V. 
bychmitis and V. phoenicewm originally came from the collection of 
Dr W. Posthumus Meyes at Bentveld (near Haarlem). The other 
three, V. gnaphalodes, V. phlomoides and V. virgatum have been 
grown from seeds received from the Botanical Garden of the University 
of Leiden. 

All species have been checked again with the aid of the deter- 
minations given by MuRBECK in his monographical study (1933). 

The karyology of these species has been studied in roottips and 
anthers; in a few hybrids also the meiosis in anthers has been in- 
vestigated. The chromosomes in this genus are very small; in the 
metaphase of mitosis their length is about 1-2 u. 

Various methods (MEYER 1945, VON ROSEN 1946, SHARMA and 
MOOKERJEA 1955, Tyro and LEvAN 1950) have been tried and parti- 
ally modified before satisfactory results in thin, well-stained squash- 
preparations could be obtained. The spreading of the chromosomes in 
mitosis appeared to be very difficult. 

Roottips have been acquired from seeds which germinated in 
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petridishes on moist filter paper. In about 8 days these seedlings 
reached a length of 1-1.5 cm; these have been pretreated with 
g-bromonaphthalene, oxyquinoline or paradichlorobenzene in order to 
spread the chromosomes. The entire seedlings have been immersed 
into the solutions. 

It has appeared very difficult to find a method of pretreatment 
which gave satisfactory results in all six species. 

V. blattaria showed a clear spreading after treatment with «- 
bromonaphthalene during 2-3 hours at roomtemperature. A saturated 
solution has been used, obtained by shaking a few drops of this 
substance in 500 cc. distilled water. 

A saturated solution of paradichlorobenzene gave good results in 
V. gnaphalodes, V. lychmitis and V. virgatum; 5-10 g. of this substance 
was put in 500 cc. distilled water and kept overnight at 60° C. The 
seedlings were immersed in this solution for 1-2 hours at 12-14° C. 

SHARMA and BHATTACHARYYA (1956) mentioned the occurrence of 
chromosomebreaks in roottips in Dicotyledons after treatment with 
paradichlorobenzene during more than four hours; in this study the 
space of time (1-2 hours) has excluded every danger. 

In V. phlomoides and V. phoemceum the best results have been 
obtained by a pretreatment with a 0,002 mol. solution of oxyquinoline 
in distilled water during 34-44 hours at 11-14° C. This treatment also 
gave nice preparations in V. gnaphalodes. 

Directly after pretreatment the seedlings can be stained in a 
mixture of 9 parts of 2% orceine in 45% acetic acid and 1 part of In. 
HCI. In a watchglass the fluid with the material is heated gently for 
9-10 seconds 3 to 4 times. To obtain a satisfactory staining in Ver- 
bascum it is necessary to keep the seedlings for about 20 minutes in 
this mixture. The meristematic tissue of a seedling was transferred 
to a slide in a drop of 45% acetic acid and covered by a coverslip; 
after that it was rolled out between a few layers of filter paper by 
means of a thick rod of glass. 

In preparations obtained by this method the chromosomes are 
clearly stained, but in many metaphases they have been contrac- 
ted so strongly, that length and width are about the same. Such 
preparations are very useful for counting the number of chromosomes, 
but don’t give any opportunity to study their structure. 

For that reason a second staining method has been applied. After 
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fixation in a mixture of one part of absolute alcohol and two parts of 
normal butylalcohol during 4-5 minutes, the seedlings were brought 
into a 2% orceine solution in 45% acetic acid, in which they stayed for 
48 hours. Before making the squashes the seedlings were transferred to 
tap water for 5 minutes. Ther the meristematic tissue was brought in a 
drop of 45% acetic acid on a slide under a coverslip; the preparation 
was warmed for 30-60 seconds on a copperplate above a spirit-lamp. 
Boiling shall be prevented. This warming softens the material, so that 
it can be rolled out between filter paper. 

In squashes stained in this way more details may be observed than in 
those which have been made by the first mentioned staining method. 

After both staining methods the preparations have been kept 
overnight in a deepfreezer at — 10° C. The next day the coverslip was 
taken off with the help of a blade; the slide and the coverslip were 
immersed in a small dish with absolute alcohol which was also kept in 
the deepfreezer at —10° C. Half an hour later the preparation was 
made permanent with euparal and allowed to dry on a warming plate. 

The meiosis has been studied in paraffine sections and squashes. It 
appeared that in the top of a simple raceme mostly one bud contains 
dividing PMC's; in a few exceptional cases two buds were dividing at 
the same time. In the compound raceme dividing cells also were 
observed in buds of the second and higher rate. The size of these buds 
was a few mm’s with some variation in different species and hybrids. 
After removal of a few buds in the region of the raceme in which 
divisions in the anthers occur, a few days later again buds with 
dividing PMC's can be found in the same raceme. Removal of the 
whole top of the raceme leads to the formation of flowering side- 
branches on which some weeks later again dividing PMC’s are available. 

Dividing PMC’s may be found during the whole day. 

A squash of half an anther from a bud in 2% orceine showed the 
occurrence of dividing PMC's. If such was the case, the remaining 
anthers were fixed in Carnoy (3: 1) and kept in a deepfreezer at 
—12 to —19°C. In this deepfreezer the material can be kept for 
several years without any damage. From these anthers squashes have 
been made. 

For sections the anthers have been fixed in the Randolph modi- 
fication of Navashin, embedded in paraffin, sectioned at 7 py and 
stained with crystalviolet. 
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The anthers from one bud vary a little in their stage of development, 
by which successive dividing stages may occur in the same anther (for 
example MI + AI, PII + M-II + A IT 

The anthers have been transferred directly from Carnoy into 2% 
orceine in 45% acetic acid for staining; large ones were cut into two 
halves. In a small glass tube (diameter about 12 mm.) which at the 
lower end was covered with a piece of fine cotton gauze, the anthers 
were laid down; the whole was brought into a wider glass tube filled 
with orceine and the latter closed by a cork. The staining lasted 72 
hours. In this way the anthers very easily can be lifted out of the 


orceine, while the staining solution can be used again. 

Squashes of the anthers were made immediately after they were 
taken out of the orceine. In a drop of 45% acetic acid on a slide and 
covered by a coverslip the material was warmed 30-60 sec. on a copper 
plate, rolled out and made permanent by way of the deepfreezer. 

So the material was never crushed before the coverslip was put on. 
In my experience this is not necessary and in this way the material 
remains concentrated on the same spot in the preparation. 

The observations have been made with a Bausch & Lomb binocular 
microscope. The photographs have been taken with ocular 10 x and 
oil-immersion 98 x, a few survey photographs with ocular 10 x and 
objective 43 x. The prints have been enlarged to the size mentioned 
in the explanations of the photographs. 

In the beginning the photos have been made with Ilford plates 
9 Xx 12cm. Later a Zeiss miniature camera (24 X 36 mm.) with Agepe 
documentary films was used. A Zeiss Niedervolt microscopic lamp 
with green filter gave a satisfactory illumination. 


IV. THE KARYOLOGY OF THE SPECIES 


a. Mitosis 

As mentioned before, the chromosomes of Verbascum are very 
small. For a reliable karyogram a large number of very clear meta- 
phaseplates are needed, all of which have to be obtained by the same 
technique. In metaphases of squash-preparations of pretreated 
roottips a few large chromosomes of a little more than 2 u are visible 
and a few very small ones of not quite 1 u in length; the lengths of the 
other chromosomes form a gradual series between those two values. 
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Il coneentrated my study of mitotic processes on metaphaseplates, in 
which the diploid number could be counted exactly to check the 
counts in meiotic phases. A few details however may be mentioned 
here, though their study thus far has not yet been completed. 

In the species V. gnaphalodes, V. phlomoides and V. phoeniceum two 
chromosomes with a globular satellite have been found frequently 
though not always; in fig. 5 one satellite is visible. The diameter of 
these globules is smaller than that of the chromosomes. In sorne cases 
the satellites are threadlike and of a heterochromatic nature, about 
half the length of the chromosome. In V. virgatum the satellites are all 
threadlike. 

In a few metaphaseplates of V. phoeniceum one or two chromosomes 
with abnormal satellites are visible; here the satellite is a compound of 
two globules, connected together and with the chromosome by a very 
thin thread. Such “double” satellites have been observed also in 
Papaver (personal communication by Dr A. KooPMANs). 

In a few cells connecting threads between the chromosomes have 
been found, for instance in V. virgatum (fig. 6). 

In a number of preparations centromeres could be observed; most 
of them are of the median type, others suhmedian. 

The diploid numbers of the six species, counted in a large number 
of metaphaseplates, are: V. blattaria 2n — 30, V. gnaphalodes and 
V. phoeniceum 2n — 36, V. lwchmitis and V. phlomoides 2n — 34 and 
V. virgatum 2n — 66 (figs. 1-6). 


b. Metosis 

In all these six species of Verbascum abnormalities in the division of 
PMC's have been observed, together with a large majority of normal 
meiotic processes. 

The normal course of meiosis in V. phoeniceum has been illustrated 
in figs. 7-17, the second prometaphase however belongs to V. lychmitis 
and the tetrads to V. blattarra. 

Because of the poor stainability of prophases in squashes no details 
can be given here. In the section, illustrated in fig. 7, the chromosomes 
are in zygotene. In diakinesis bivalents only are found, a little di- 
vergent in size. In some cases one or more ringbivalents have been 
seen; rodbivalents probably also occur, but nothing can be said as to 
the ratio between these two types of bivalents. In fig. 8 a ringbivalent 
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Figs. 
2 
2n 


| 


Il 


1-6. Mitosis. Fig. 1. V. blattaria 2n — 30. 2200 x. Fig. 2. V. gnaphalodes 

36. 2100 x. Fig. 3. V. lychnitis 2n = 34. 2075 X. Fig. 4. V. phlomoides 

34. 2050 x. Fig. 5. V. phoeniceum 2n — 36. 2150 x. Fig. 6. V. virgatum 
2n = 66. 1900 x. 
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Figs. la-6a. Drawings after figs. 1-6. 


254 TH. ARTS-DAMLER 


is shown clearly and in the upperright part (at 2 o'clock) presumably a 
rodbivalent. 

In metaphase too the bivalents are a little different in size (fig. 9). 
In V. lychmitis and V. phlomoides one very large bivalent appears. 
Figs. 10 and 11 give a good view of first anaphase and telophase. In 
the second prometaphase (fig. 12) the chromosomes are arranged in a 
spindle-like structure; this is also somewhat the case in the first 
prometaphase. The following second metaphase (fig. 13) often shows 
very clearly both chromatids within the chromosomes, while diffe- 
rences in size also appear. Both spindle-figures in MI are parallel to 
each other, or they are perpendicularly situated, or they may be 
lying at angles of various widths. Figs. 14 and 15 show second anaphase 
and telophase, fig. 16 the presence of pollentetrads. These have been 
formed after the second meiotic division by the socalled “furrowing 
process”, already observed in Verbascum by HÄKANSSON (1926) and 
recognized by SUGIURA (1936) as a general phenomenon in plants, 
especially in Dicotyledons. Fig. 17, illustrating the pollen of V. 
phoeniceum shows that a number of smallsized, imperfect grains is 
mixed among sound and wellshaped pollen. This holds also for V. 
phlomoides. In the other four species the number of small, imperfect 
grains is much lower (fig. 18 for V.virgatum ). 

At least 50 clearly countable metaphaseplates have been studied for 
each species for determining the number of chromosomes, either in the 
first or in the second division. The meiotic chromosomes of the various 
species of Verbascum are about the same size, but it looks as if those of 
V. virgatum are somewhat smaller. 

The haploid numbers of chromosomes found in meiosis are as 
follows: V. phoeniceum n= 18 (M-I in fig. 9), V. blattaria n= 15 
(MT in fig. 19), V. gnaphalodes n — 18 (MI in fig. 20), V. lychmitis 
n= 17 (MI in fig. 21), V. phlomoides n= 17 (MI in fig. 22), V. 
virgatum n — 33 (M-II in fig. 23). 

Two of these numbers only have been mentioned by earlier authors: 
HAÄKANSSON (1926) for V. blattaria found the haploid number of 15 and 
LAWRENCE (1931) has counted 18 bivalents in V. phoeniceum. The 
other chromosome numbers for these six species mentioned in table 1 
(p. 243) are different from those stated here. 

LAWRENCE (1931) has described cases of secondary association of a 
few pairs of bivalents in metaphase in V. phoeniceum. He supposed 
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Figs. 7-11. V. phoeniceum. Fig. 7. P-I. 2000 x. Fig. 8. Diakinesis. 18 bivalents. 
Be 2050 Fie. 9, M- 130267 X- Fig. 10: Al 2050 % Fig. Wet, Ul. 20005X Fig: 
| 12..V. lychmitis. PM-II. 2150 x. ° 
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V. phoeniceum to be a polyploid on account of the genetical analysis 
of the phenomenon of incompatibility in this species (SirkKs 1926). He 
considered these secondary associations a corroboration of this 


hypothesis. 


Figs. 13-15. V. phoeniceum. Fig. 13. M-II. 2100 Xx. Fig. 14. A-II. 3000 X. 
Fig. 15. T-II. 2000 x. 


In my preparations such associations never have been observed. 
In fig. 9 in the MI of V. phoeniceum (a section) all chromosomes are 
lying separate. Of course cases have been found, in which two bivalents 
are situated very near each other, but no trace of a special type of 
association could be detected. 

Various divergencies from the normal course of processes in meiosis 
have been observed in all species. In first prophase cells with two 
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Fig. 16. V. blattaria. Tetrads. 2100 x. Fig. 17. V. phoeniceum. Pollen. 780 x. 
Fig. 18. V. virgatum. Pollen. 780 Xx. 
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Fig. 19. V. blattaria. M-I. 15 bivalents. 2050 x. Fig. 20. V. gnaphalodes. MAI. 

18 chromosomes. 2100 x. Fig. 21. V. lychnitis. M-1. 17 bivalents. 2225 x. Fig. 

22. V. phlomoïdes. M-I. 17 bivalents. 2150 Xx. Fig. 23. V. virgatum. M-II. 2 Xx 33 
chromosomes. 1900 x. 
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Fig. 24. V. phlomoides. PI. One cell with 2 nuclei. 2050 x. Fig. 25. V. phoeni- 

ceum. PM-L. One cell with too many bivalents, one cell with too few bivalents. 

1050 x. Fig. 26. V. phlomoides. PMI. 3 bivalents ON SON iS 27 ne 
phoeniceum. ML. Bivalents outside the equatorial plate. 1025. x. 
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Figs. 28-30. V. phoeniceum. Fig. 28. A-I. Bridging. 2000 x. Fig. 29. TI. 

Lagging. 1900 x. Fig. 30. M-II. Chromosomes isolated in the plasm. 2150 Xx. 

Fig. 31. V. gnaphalodes. M-II. 3 plates. 2150 x. Fig. 32. V. phoeniceum. AI. 

Chromosomes isolated in the plasm. 2150 x. Fig. 33. V. phlomoides. A-II. 5 
nuclei. 2150 X. 
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nuclei have been found (fig. 24); not always these nuclei are of the 
same size. Cells without any nucleus also occur. In diakinesis, PM-1 
and MI cells with a divergent number of chromosomes have been 
found, ranging from one chromosome to double the normal number. In 
cases in which more bivalents are present than the normal number 
allows, these may be grouped together into one large group, or the 
normal number is accumulated into one group, while the super- 
numerary chromosomes are lying separately in one or more groups. In 
other cases all chromosomes lie separately without any arrangement 
or in small groups distributed all over the cell. In fig. 25 the first 


Fig. 34. V. phlomoides. M-II. One cell without nucleus. 1075 Xx. 


prometaphase is illustrated in two PMC's of V. phoeniceum, of which 
one contains too many bivalents, almost combined into one group, 
while the other cell has too few bivalents. The cell of V. phlomoides in 
fig. 26, the wall of which is still intact, contains three bivalents only. 

These abnormal cells continue to exist during the later stadia of 
meiosis, in which a division of all chromosomes or of a number of 
them may take place. 

In M-II again the number of chromosomes ranges between one 
and the double normal number. The phase of such cells can be derived 
from that of the surrounding cells. In the cells with one chromosome 
no division has occurred; in those with a few chromosomes probably 
neither. Chromosomes lying separately in the plasm appear to survive. 
Cells without any chromosomes, already observed in PI, can be found 
during the whole course of meiosis; mostly these are smaller than the 
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surrounding cells, while the walls are very thick. In fig. 34 a second 
metaphase of V. phlomoides is shown, in which a normal cell and a 
neighbouring anucleate cell can be seen. Many variations have been 
found in M-II to TIL. Two examples have been illustrated in figs. 31 
and 33. 

Sometimes in first telophase a large micronucleus is found next to 
two telophase-nuclei; this micronucleus may have resulted from a 
number of supernumerary chromosomes. Such a cell can continue to 
M-IL, as figured in fig. 31, in which three metaphaseplates are seen, 
one of them probably with a chromosome number different from that 
of the other two. 

The number of nuclei, present at last in TI, can diverge from 5 to 
8; the nuclei are often of different sizes. Fig. 33 shows a second 
anaphase of V. phlomoides with 5 groups of chromosomes. During 
M-II until T-II chromosomes may be seen lying scattered through the 
plasm, so that cells with very disorderly contents arise. 

In tetrads a few anucleate cells may be found as undivided cells; 
in other tetrads one or a few small additional cells may be present. As 
mentioned above pollen of species of Verbascum frequently contain 
imperfect grains among the normal ones; these imperfect grains 
probably result from abnormal PMC's. 

The abnormalities in meiosis described above, all result from the 
presence of more or less nuclear substances than there is present in 
normal cases, respectively of two complete nuclei in young PMC'’s 
before meiosis. This phenomenon has been described for many plant 
species (cf. SCHNACK 1959) ; it results from transfer of nuclear substance 
by means of protoplasmic connections through the cellwall from one 
PMC to another. GATES (1911) has mentioned this process as cyto- 
mixis. 

HÄKANSSON (1926) who observed cytomixis in Verbascum, has 
classed this phenomenon with other abnormalities in meiosis as 
degeneration. A number of authors interpret cytomixis as an artefact, 
the result of poor fixation. However SARVELLA (1958) and SCHNACK 
(1959) have pointed out that cytomixis is a natural process; together 
with FEHLEISEN, SCHNACK (1957a) has shown this by observations on 
unfixed materials of Bouchea fluminensis, in which cytomixis occurs as 
well. 


SCHNACK and FEHLEISEN (1957b) have shown protoplasmic con- 
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nections between PMC'’s, by which nuclear substances are transported 
from one cell to the other; these connections disappear in later meiotic 
stadia. 

From his observations SCHNACK (1959) has drawn the following 
conclusion: 

In consequence of a normal process connected with the physiology 
of the cell, the nucleus in the young PMC moves towards the cellwall; 
it is introduced, as a whole or partly, by means of protoplasmatic 
connections into a neighbouring PMC; a characteristic arrangement 
occurs, in which two parts of the nucleus are situated at both sides of 
the wall between two neighbouring cells. In most cases in a later stage 
the whole nucleus returns to its normal central position. The migration 
as such, i.e. the permanent transfer of the nucleus or a part of it to the 
neighbouring cell, is an exceptional case and the abnormalities 
observed in late meiotic stadia are abnormal byproducts of cytomixis. 

For cottonplants SARVELLA (1958) reached the same conclusion. 

MENpes and Rryo (1951) have tried to explain the phenomenon of 
cytomixis as remainders of bridging connections in anaphase of the 
last mitosis before meiosis. These bridges however could not be 
demonstrated; they found threadlike connections between interphase 
nuclei in young PMC's. 

A remainder of a bridging connection however is limited to one or a 
few chromosomes, which may be present as supernumerary chromo- 
somes, but this cannot explain the occurrence of binucleate cells. 
For that reason the hypothesis by MENDEs and Rrjo seems to me 
untenable. 

Since I did not study very young PMC's or their formation, 1 have 
observed only the results of cytomixis. A further study of the proper 
process of cytomixis in young anthers of Verbascum has been planned. 

In fig. 27 three M-I-plates can be seen in side-view; one or a few 
bivalents are situated far out of the equatorial plate. Because many 
bivalents in these plates are about to divide, it seems very little 
probable that those chromosomes outside the plate can take part 
normally in the nuclear division. 

Lagging chromosomes have been observed in first anaphase. As a 
rule this phenomenon concerns one or two pairs of chromosomes, but 
this number may be as large as five. In some cases one lagging pair of 
chromosomes forms a bridge, as shown in fig. 28. LAWRENCE (1931) 
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has described such a bridgeformation in V. phoeniceum. Lagging may 
be seen also in telophase, but here mostly of one pair of chromosomes 
(fig. 29). These lagging chromosomes generally reach the daughter- 
nuclei, as can be seen in late TI. In some cases however the lagging 
chromosomes remain behind, while they are visible again in second 
meiotic division. This is shown in fig. 30 for an MI of V. phoeniceum. 
Such lagging chromosomes can still be found in second anaphase and 
telophase; in fig. 32 it is clearly shown, that chromosomes lying 
separately in the plasm and probably able to divide, have not appeared 
by lagging in the second meiotic division, because in that case they 
should be situated between both anaphase groups. As it seems to me it 
cannot be precluded that the separate position of such chromosomes 
has been caused by cytomixis. This can be shown for certain only in 
such cases, in which all chromosomes can be counted clearly. 

In second anaphase again lagging has been observed, but to a less 
extent than in the first division and never for more than two chromo- 
somes in each dividing nucleus. 

Micronuclei observed in various stages can have originated from 
lagging chromosomes or from cytomixis. Large micronuclei, con- 
taining a rather high number of chromosomes most probably are due 
to cytomixis. 

In some cases one or a few chromosomes in first anaphase separate 
earlier than the other ones. 

As a last example of abnormality the occurrence of sticky chromo- 
somes may be mentioned; these are often mutually connected by thin 
threads. 

The ratio between the frequency of such abnormal cells and the 
normal number of nuclear divisions has not been determined. On an 
average these abnormal cells are a small percentage only of all 
dividing cells; for special anthers however, as also for a special group 
of cells in an anther the number of abnormalities may be relatively 
large, but anthers can also be found, in which almost all meiotic 
processes follow the normal line. 

Von Bere (1934) found in Haynaldia villosa cells with abnormal 
meiosis accumulated in certain spots in the anthers, so-called 
“Störungsfelder” (“derangementtfields”’). He ascribed these to external 
influences. TISCHLER (1951, p. 604) mentions studies of various authors 
in which influence of external conditions on meiosis is established. 
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It does not seem excluded to me, that also in the derangements in 
meiosis in Verbascum the instability of weather played a role. 


V. SPECIESHYBRIDIZATION 


Each of the six species of Verbascum which have been used in this 
study has been crossed with each of the other ones; the possible 30 
crosses all have been obtained, two by two reciprocals. The plants have 
been grown in the open experimental garden; they were exposed to the 
changing conditions of weather in the dutch climate. 

The crosses have been made in the following way: 

Flowerbuds expected to open the next day have been castrated. The 
corolla also has been removed to avoid visiting insects. In one in- 
florescence a number of buds can be treated at the same time. In the 
Singuliflora this number varies between 4 and 8; in species with a 
compound raceme buds of primary flowers could be castrated frequent- 
ly at the same time as the lower secondary and tertiary buds (up to the 
number of 25 in all). Above and below the group of castrated buds part 
of the stem has been stripped of clusters, flowers and buds. In the 
Fasciculata all buds, flowers and young fruits present in the same 
cluster together with castrated buds, have been cut off. 

In V. Wychmitis and V. phlomoides 63 resp. 50 buds have been 
castrated but not pollinated artificially. V. lychmitis only produced 
6 small fruits, all empty but one in which 2 seeds were found. This 
result showed that bagging the castrated buds could be considered 
unneccessary. Nevertheless this has been done by means of a small 
piece of thin cotton in half the pollinations. In both cases (bagged or 
not-bagged) a few plants of the mothertype among the F1-generation 
have been found; most probably produced by an imperfect castration 
in which pollen from a damaged anther can have reached the stigma. 
However the Fy-plants can be distinguished so clearly from the 
parental type, that these wrong individuals can be eliminated very 
easily, in most cases already in the rosette-stage. 

One day after castration the stigmas of castrated flowers have been 
pollinated by pollen of another species. For this purpose buds of the 
species to be used as a father, which were about to open, have been cut 
off and kept indoors overnight; on the next day these anthers have 
opened, so that pollination can be carried out with such an open 
anther handled with a pair of tweezers. 
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The cotton enclosures from the bagged crosses have been removed 
after one week. At that time the style and stigma had dried up 
entirely. Three weeks after pollination it is necessary in the Fasciculata 
to remove the younger buds which have developed since the day of 
pollination ; this process shall be repeated a few times. 

The topend of the raceme above the castrated region developes 
further in the normal way; a few days later new crosses can be made 
on the same stem. 

A large number of flowers has been pollinated during a few years; 
for each cross at least 500-800 flowers, sometimes more than 
thousand, have been used. Table 2 gives a summary of the results 
of these pollinations and of the germination percentage of the seeds 
obtained. 

The. success of crosses has been measured by the percentage of 
pollinated flowers which produced seedcontaining fruits (table 2, 
column 1). This seed could be normal and sound or poor, small and 
somewhat shrivelled. The numbers of column 1 have been separated 
into 2 groups (good or poor) in columns 2 and 3. 

In column 4 the mean number of seeds per fruit has been mentioned 
that was formed in these crosses. For comparing these numbers with 
each other there has been computed what percentage from the 
possible number of seeds in the fruits of the motherplant has been 
realised by the number of hybrid seeds in each fruit. 

The last column of table 2 contains the mean germination per- 
centage of Fj-seeds for a few years and for a large number of seeds. 

In fig. 35 the numbers of columns 1-3, 5 and 6 of table 2 have been 
represented as a diagram. The crossingnumbers are the same as those 
in the table. In fig. 35A the hatched parts refer to the good seeds, the 
white parts to the poor seeds. 

The number of seeds in one fruit, the germination percentage and 
the mean date on which the flowering starts for the species have been 
tabulated in table 3. 

Generally species-hybrids in the genus Verbascum can be obtained 
easily, as already stated by earlier authors. From fig. 35B it appears 
that eight out of ten crosses of V. virgatum produce a few seeds only 
(1-3 good seeds among much powder) in each fruit, a fact which 
probably is caused by the great difference in chromosomenumber 
between V. virgatum and the other species. So it appears that the 
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percentage of seed-containing fruits for crosses of V. virgatum (crosses 
9 and 10 excepted) is less than 47, while in the other crosses these 
percentages, with the exception of four, are higher than 58 and in 
many cases even much higher. An exception is found in crosses 9 and 
10 (WV. virgatum x phlomoides.and reciprocal) with 80% of successful 


TABLE 2 
dd 
Pezcentape « of Seeds per fruit 
Eroas successful crosses Percentage | Germination 
Aerde from number percentage 
Good | Poor of seeds of 
Total 
seed | seed mother plant 

1. V. phoen. X virg. 8.3 8.3 — là2 0.6 à 1e 62.4 
2. V.virg. X phoen. 40.8 | 40.8 — 2à3 0.7 à 1.0 43.4 
3. V. phoen. x blatt. 3A6 1417.3 | 17.3 40 22 20.5 
4. V.blatt. Xx phoen. | 80.7, | ;80.7 — 250 71.4 85.0 
5. V. virg. Xx blatt. lie) 142 Ö.3à Qh7 22.6 
6. V.blatt. Xx virg. 5:2 5.2 — là2 0.3 à 0.6 8.7 
7. V. phoen. Xx phlom. 50 (20:01 39:0 40 202 7.8 
8. V. phlom. X phoen. 22.2 | 16.8 5.4 35 13.5 64.2 
9. V.virg. Xx phlom. 19.7 an 1-31 68.4 70 23.3 3.5 
10. V. phlom. X virg. 81.5 DAT 72.1 70 26.9 4.0 
11. V. blatt. Xx phlom. 58.41 145.33 | 13.1 60 17E 32.6 
12. V. phlom. x blatt. ZEER ol BES) 33 60 23.1 66.7 
13. V. phoen. Xx lychn. 68.7 | 61.3 7.4 80 44,4 Hi 
14, V.lychn. x phoen. ‘|-90.1 | 90.1 — 80 76.2 83.8 
15. V. virg.” Xx lychn. | 186 | 186 | — là 2 0.3 à,0,7 29.7 
16. V.lychn. Xx virg. 73.3 | 31.0 |. 42.3 30 28,6. 3.0 
B7 1.7 — 1 1.0 100.0 
17. V. blatt. Xx lychn. 88.9 | 88.9 — 150 42.9 74.1 
18. V. lychn. x blatt. 80.8 | 80.8 — 50 47.6 65.3 
19. V. phlom. X lychn. Sira 7219 8.3 150 91.1 84.0 
20. V. lychn. Xx phlom. 822 60:B Ie 2169 45 42.9 MOD 
21. V. phoen. x gnaph. 88.4 | 58.2 | 30.2 105 58.3 38.2 
22. V. gnaph. x phoen. 80.8 | 80.8 — 30 50.0 94,4 
23. V. virg. X gnaph. 46.9 | 46.9 — là2 0.3 à 0.7 30.8 

24. V. gnaph. Xx virg. eds 97 _— l EsZd P 
25. V. blatt. Xx gnaph. 93.9 | 90.6 33 275 78.6 68.3 
26. V. gnaph. x blatt. 38.3 | 38.3 — 10 Lós7 ze, ESO 
27. V. phlom. X gnaph. 90.6 | 90.6 — | 155 59.6 RS 
28. V. gnaph. x phlom. 877 | 87.7 — 30 50.0 82.0 
29. V. lychn. Xx gnaph. Ca She SEE) — 75 71.4 ae lln 
30. V. gnaph. X lychn. O2 92.2 — 50 833 erzuijs 86.6 
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Mean first 
date of 
flowering 
16/6 

4/7 
29/6 
18/6 
17/5 
12/6 


Germination 
percentage 
520 
50.8 
44.0 
82.8 
75.6 

46.4 


TABLE 3 


Number of 
seeds per 
fruit 
350 

60 
105 
260 
180 
300 


fruit. C. Germination percentages. 


Species 
V. gnaphalodes 
V. lychnitis 
V. phlomoides 
V. phoeniceum 
V. virgatum 


Fig. 35. Diagram A. Percentages of successful crosses. B. Number of seeds per 
V, blattaria 
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crosses; here always a large number of small, but well-shaped seeds 
are present, however poorly germinating. The germination percentage 
of the other crosses with V. virgatum is higher, so that each cross of 
V. virgatum produces about the same small number of flowering 
plants. 

A special case is mentioned in cross 16, here data of two years only 
being available. In the first year this cross behaved like crosses 9 and 
10, in the second year like the other crosses of V. virgatum. 

Castration of WV. gnaphalodes because of its very condensed in- 
florescence being technically difficult, crosses with this species as a 
mother contained many experimental errors. For this reason the 
germination percentage of V. gnaphalodes x blattaria has not been 
computed. 

In the other 20 crosses, in which V. virgatum was not involved, 
most percentages of success are rather high, i.e. the crossings produce a 
large number of good seeds. In the crosses V. phoeniceum x blattaria 
and WV. phoeniceum Xx phlomoides a large number of the produced 
seeds is poor with low germination percentages; the crosses V. 
phlomoides x phoeniceum and VWV. phlomoides x blattaria produce a 
few seeds only, but with a high percentage of germination. 

For each hybrid fruit the number of seeds happens to be as a 
maximum 83% only of the seednumber on the motherplant; in most 
cases much less. Generally the germination is good. 

Most species of Verbascum are biennials; sown in July, the young 
rosettes hibernated in cold frames or in a greenhouse (an aeroplane- 
type made of dutch frames); in the spring these rosettes have been 
planted in the experimental garden. Generally this method of 
hibernating hybridplants has been successful, but plants of 6 crosses 
with V. blattaria (V. blattaria x phlomoides, V. blattaria x lychmitis, 
V. blattaria x gnaphalodes and their reciprocals) died in large numbers 
during winter. 

A few species and crosses sown in the spring will flower in the same 
year, viz. the species V. phoenicewm and V. virgatum, the hybrids in 
which V. phoeniceum is one of the parents (in V. phoeniceum X 
gnaphalodes and its reciprocal only part of the individuals), V. virgatum 
x blattaria and its reciprocal and a part of the number of plants of 
V. virgatum x phlomoides, V. blattaria x phlomoides, V. virgatum X 
gnaphalodes and their reciprocals. In some cases however these plants 


270 TH. ARTS-DAMLER 


start flowering so late in the season that the fruits do not ripen 
sufficiently. 

Table 4 gives a survey of the total number of flowering F1-plants 
obtained in each of the crosses (column 1). The second column 
mentions the mean dates of the beginning of flowering. Column S 
contains the number of plants which formed fruits, column 5 the 
number of plants producing seeds. These numbers have been calcu- 
lated in percentages of the total number of flowering plants in columns 


4, resp. 6. 
TABLE 4 
Number | Mean Plants with Plants with 
oe ei fruit seeds 
F1 flowering| date of | __ Pee : Per- 
plants |flowering| Number centage Number centage 
| 

1; V. phoen. X virg. 26 26/5 26 100.0 20 76.9 
2. V, verg. x phoen. 150 29/5 43 28.7 24 16.0 
3. V. phoen. X blatt. 220 3/6 13 57 1 0.4 
4, V. blatt. _x phoen. 746 31/5 20 2.7 — — 
Beeruiwen Sa blatt. 24 14/6 24 100.0 3 12.5 
6. WV blatt. X UNE. 3 20/6 3 100.0 — — 
7. V. phoen. Xx phlom. 175 sl/S ) 29 Ì 0.6 
8. V. phlom. X phoen. 543 29/5 24 4,4 3 0.6 
QW virg. X Phlom:. 263 19/6 63 24.0 10 3.8 
10. V. phlom. X virg. 267 14/6 107 40.0 90 3837 
Il. V. blatt. Xx phlom. 204 4/7 5 2.5 — — 
12. V. phlom. x blatt. 233 29/6 3 1e) — — 
13. V. phoen. Xx lychn. SIE, 7/6 64 192 — — 
14, V. lychn. Xx phoen. 357 6/6 104 29,1 2 0.6 
IS. ValiEn X ehm. 24 10/6 23 95.8 20 83.3 
16. V. lyechn. Xx virg. 3 18/6 — — Ss == 
17. V.blatt. Xx lychn. 4 14/6 4 100.0 — — 
18. V. lychn. x blatt. ) 10/6 19 100.0 — — 
19. V. phlom. X lychn. 427 26/6 156 36.5 139 32.6 
20. V. lyechn. Xx phlom. 294 21/6 111 37.8 96 SZ 
21. V. phoen. X gnaph. 417 12/ 4 7 1.0 4 1.0 
22. V. gnaph. Xx phoen. 432 6/6 — — — — 
23. V. virg. Xx gnaph. 128 12/6 22 17,2 19 14.8 
24, V. gnaph. Xx virg. 1 15/6 — — — — 
25. V. blatt. XxX gnaph. 57 17/7 — — — — 
26. V. gnaph. Xx blatt. 26 8/7 — -— — — 
27. V. phlom. X gnaph. 301 19/6 — — —- — 
28. V. gnaph. Xx phlom. 357 20/6 — — —— — 
29. V. lychn. Xx gnaph. 373 25/6 — — — — 
30. V. gnaph. X lychn. 419 25/6 — — — — 


V. phoemiceum starts flowering very early; its hybrids come into 
flowering much earlier than the other parent. In the other crosses 
flowering begins at a date between the dates of both parents or at the 
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TABLE 


aan en hond nn 1e} 
“5 bp OR nt 
pr gE | EBER 8 
508 Ag EBS 0 5 
T Sun Je, JS Or [nt 
Nr. Cross See - 3 peen a) 
max. | mean 
1 e 3 4 
1 + 2 V. phoen. X virg. 2.70 POS) glandular; lor 2, absa: 
not-forked in lower in lor 
bracts 4 brac 
pres 
3 +4 V.phoen. Xx blatt. 2— 1.69 glandular 1 abse 
ot 6 V.virg. XxX blatt. 3.45 3.20 glandular; up to 4 presc 
not forked 
7 +8 V. phoen. Xx phlom. 2.40 1.80 not forked; 2or 3, abse 
forked in lower in lox 
bracts 5 brac 
prese 
9 + 10 V. virg. _X phlom. 3.50 3.— glandular; up to 9 presé 
forked 
Il + 12 V.blatt. x phlom. 3.10 2.80 glandular; 2or3 prest 
not-forked ; 
forked 
13 + 14 V. phoen. X lychn. 2.05 1.70 not-forked ; 2 or 3, abse 
forked in lower in loy 
bracts 5 brac 
prese 
15 + 16 V. virg. _X lychn. 2.95 2.80 glandular; up to 9 pres 
not-forked; 
forked 
17 + 18 V.blatt. Xx lychn. 2.60 2.40 not-forked; up to 7 prest 
forked 
19 + 20 V, phlom. X lychn. 2.90 2.50 forked up to 17 pres: 
21 + 22 V. phoen. X gnaph. 2,45 2.— glandular; 2.or 9, abse 
not-forked ; in lower in lor 
forked bracts 4 brac 
of pres 
23 + 24 V, virg. Xx gnaph. 3.50 3.10 glandular; up to 7 pres 
not-forked; 
forked 
25 + 26 V. blatt. Xx gnaph. 2.60 2.30 glandular up to 4 pres 
not-forked; 
forked 
27 + 28 V. phlom. Xx gnaph. 3.45 3.20 forked up to 15 pres 
29 +30 | V.lychn. X gnaph. 2,50 | -2.20 forked” up to 13 pres: 
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wnish 3.7-4.3 present violet lower somewhat knobshaped 
ow to 3 part elongated, 
ldish round about obliquely 
ir ple attached 
ple 3.641 present violet whole somewhat knobshaped 
length elongated, 
innerside obliquely 
attached 
low 3.8-4.2 present violet lower elongated, knobshaped 
$ part basifixed 
innerside 
wnish 4,0-4,7 present violet whole somewhat decurrent 
ow to length elongated, 
ldish innerside obliquely 
r ple attached 
How 4,4-5.8 present violet lower elongated, decurrent 
and 3 part basifixed 
yellow innerside 
low 4,5-5.6 present violet lower elongated, decurrent 
3 part basifixed 
innerside 
lac 2.6-3.3 present violet lower kidney- knobshaped 
3 part shaped, 
round about mediofixed 
low 3.0-3.4 present violet lower somewhat knobshaped 
and 3 part elongated, 
yellow round about obliquely 
attached 
low 2.7-3.6 present violet lower somewhat knobshaped 
3 part elongated, 
round about obliquely 
attached 
low 3.2-3.7 absent yellow whole somewhat decurrent 
length elongated, 
innerside obliquely 
attached 
vnish 2.8-3,4 present violet lower kidney- knobshaped, 
ow to 3 part shaped, somewhat 
dish innerside mediofixed decurrent 
rple 
ie 3.0-3.5 present violet lower somewhat knobshaped, 
and 3 part elongated, somewhat 
white innerside obliquely decurrent 
attached 
low 3.0-3.8 present violet lower somewhat knobshaped, 
3 part elongated, somewhat 
innerside obliquely decurrent 
attached 
low 3.9-4,4 absent vellow lower somewhat decurrent 
3 part elongated, 
e innerside obliquely 
attached 
low 2,2-2.6 present white lower kidney- knobshaped 
2 part shaped somewhat 
round about | mediofixed decurrent 
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same time. Exceptions have been found in the three crosses with 
V. blattaria which hibernated very poorly. Rosettes of V. blattaria Xx 
bhlomoides, V. blattaria x gnaphalodes and their reciprocals for a long 
time remain small; the plants start flowering at a late date. V. 
blattaria x lychnitis and its reciprocal do not grow well neither 
flower in the open field; in the greenhouse they grow much better and 
begin flowering rather early. 

The table shows that in 21 out of 30 crosses the Fy-plants form 
fruits; 14 of those only contain seeds. This phenomenon of sterility 
will be discussed for each separate cross. 

A number of characters of the species has been mentioned in 
table 5a, those of the crosses in table 5b. The reciprocals generally 
were almost identical, so that these have not been separated. The 
first column gives the maximum and the mean length of stems in 
plants after flowering came to an end. Most of the F;-plants in their 
habit show a remarkable heterosis, especially apparent in the length 
of the flowering stalks. This has been shown in figs. 36 and 37, pictures 
of V. virgatum and the Fi; of V. virgatwm x gnaphalodes; in both the 
flowering period is still beginning. 

Two crosses of V. phoenicewm however do not show any heterosis; 
both V. phoenicewm Xx phlomoides, V. phoeniceum Xx gnaphalodes and 
their reciprocals are shorter than the other parents; V. lychmitis x 
gnaphalodes is as tall as V. gnaphalodes. Heterosis can be observed also 
in many rosettes and in the first leaves of the stalk in many crosses, 
for instance in V. phlomoides X lychmitis, V. phlomoides Xx gnapha- 
lodes and their reciprocals. Many crosses also sprout from the stool. 
The rosettes of V. blattaria x lychmitis and its reciprocal are smaller 
than those of both parents. 

The types of hairs have been mentioned in column 2. Glandular 
hairs are found especially on the tops of the plants. Within the 
various crosses the ratio between the types of hairs is greatly divergent. 
A microscopical study of the hairs on the different parts of plants in 
Verbascum (species and hybrids) like that which has been made by 
LAVIER-GEORGE (1937) for the appendices of calyces and filaments 
seems to be worth while, because the hybrids show frequently hairs 
which are intermediate between those of the parents. 

Column 3 mentions the number of flowers present in the axils of the 
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Fig. 36. Verbascum virgatum With. Fig. 37. V. virgatum x gnaphalodes Fi. 
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bracts; column 4 the presence or absence of bracteoles on the stalks of 
the primary flowers. 

V. phoeniceum and V. blattaria have single flowers only without any 
bracteoles and so have their hybrids. In the other crosses in which 
V. phoemiceum is involved, a difference has been found between the 
number of flowers in a few lower axils and that of higher axils. At the 
base a few groups of 4 or 5 flowers are found, viz. a three-flowered 
dichasium and 1 or 2 accessory flowers; the primary flowers are 
accompanied by bracteoles. In the upper part of the stem the clusters 
are composed by one primary flower and one or two accessory flowers; 
bracteoles have not developed. In the crosses without V. phoeniceum 
more than three flowers are found in the axils of the bracts (with the 
exception V. blattaria x phlomoides and its reciprocal), viz. a di- 
chasium with one or more accessory flowers. The total number of 
flowers varies between 4 and 17. Bracteoles are always present. The 
cross V. blattaria Xx phlomotdes and its reciprocal has clusters of one 
primary and l or 2 accessory flowers only; bracteoles are present. The 
conclusion follows, that the character of multiflowered clusters 
dominates over single flowers, while the presence of bracteoles is 
dominant over their absence, at least in the lower part of the raceme. 

The colour and the maximum width of the corolla have been men- 
tioned in columns 5 and 6. In most cases the size of the corolla in these 
crosses is intermediate between those of both parents; in a few cases 
somewhat larger (WV. phoenicewum x blattaria, V. blattaria x lychnitis 
and their reciprocals). 

The flowercolours have been determined according to the Horti- 
cultural Colour Chart (H.C.C.) of the Royal Horticultural Society; for 
the hybrids these numbers have been mentioned in the description of 
the various crosses. The species V. phlomoides and V. virgatum have 
sulphur-yellow flowers (H.C.C.r/1), V. gnaphalodes aureolin-yvellow 
(H.C.C.3). V. phoeniceum has not been absolutely pure for flower- 
colour; plants with violet, white and rose coloured flowers occurred. 
Only those with violet flowers (H.C.C. 834/3) have been used for 
crosses. V. blattaria and V. lychnitis are whiteflowered. 

The species with yellow or white flowers mutually crossed produce 
yellow Fy-plants, a little different in the various crosses. The violet 
V. phoeniceum crossed with yellow species produced various mixed 
colours, probably mostly as a result of the impure character of V. 
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phoeniceum as regards flowercolour. The combination of the violet 
colour of V. phoeniceum and the white colour of V. lychnitis produces a 
lilac F, with a few shades and a few whiteflowered plants. It is a 
peculiar fact that the cross of the white-flowered species V. blattaria 
and V. lychmitis produces a yellow hybrid. A profound analysis of the 
nature of the flowercolours of various species and varieties of Verbas- 
cum seems to be neccessary for a reliable explanation. This appears 
also from the data mentioned by earlier authors. 

In four species a dark spot is found at the base of the petals (cf. 
fig. 55, p. 289), darkred or violet in colour. These spots are absent in 
V. phlomoides, as also in V. lychnitis or they are very small. Column 7 
of table 5 mentions the presence of such spots. They are absent in 
V. phlomoides x lychmitis, V. phlomoides x gnaphalodes and their 
reciprocals. The presence of spots is dominant over their absence; an 
exception is found in V. phlomoides x gnaphalodes and its reciprocal 
in which the small spots of V. gnaphalodes do not hold. 

Column 8 mentions the colours of the hairs on the filaments. 
Violet is dominant over yellow and white. In V. virgatum the foremost 
two stamens have violet hairs on the innerside of the filament; the 
filaments of both middle stamens have violet hairs at the innerside, 
yellow hairs at the outside, while the filament of the hind stamen has 
yellow hairs all around. The same regards the crosses V. vergatum X 
bPhlomoides, V. virgatwm X lychmtis, V. virgatum Xx gnaphalodes and 
their reciprocals, but in V. virgatum x gnaphalodes the yellow colour 
is substituted by white and in V. virgatwm x lychmitis in addition the 
outside of the foremost two stamens is covered with white hairs. 

In most cases both foremost filaments are not hairy for their whole 
length neither all around. This has been embodied in column 9. Three 
types of anthers can be distinguished on these filaments: kidney- 
shaped and mediofixed, oblong and basifixed and an intermediate type, 
viz. a little oblong and obliquely attached. The crosses have shown 
that this third type is dominant over kidneyshaped, mediofixed. The 
combination kidney-shaped with oblong produces the intermediate 
form; the oblong type is dominant over the intermediate type. 

In the last column of this table the shape of the stigma is mentioned. 
The knoblike stigma is recessive to one of the other types; the shape 
of stigma in V. gnaphalodes viz. a knoblike stigma which is somewhat 
decurrent to both sides, is recessive to the pointed type of V. phlo- 
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moides which is decurrent over a long distance. This type is dominant 
over both other types. 

In separate discussions a few data about the crosses shall be 
mentioned. The flowering stalks of the species are pictured in figs. 38 


Fig. 38. From left to right: V. virgatum, V. phlomoides, V. blattaria. 
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and 39; those of the crosses in fig. 40 up to and including fig. 54. 
Drawings of the corollae of all species and crosses have been brought 
together into fig. 55; in these drawings also the basal spots of the 
petals have been shown ($ x full size). 

Artificial selfings on Fy-plants which were more or less fertile, only 
made during one season, did-not give any success. All Fs-plants have 
been grown from seeds obtained by free pollination. Self- and crosspol- 
linations of Fy-plants have been planned for a continuation of these 
studies, because self-incompatibility certainly plays a role in some 
species of this genus. 


For Fz-plants only a few observations of a general character can be 


Fig. 39. From left to right: V. lychmitis, V. gnaphalodes, V. phoeniceum. 
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mentioned, since we have to be very careful in drawing conclusions 
based on plants grown from seeds obtained by free pollination. At the 
other hand the frequency of fertility has found expression by way of 
free pollination. 

The karyological materials, collected from Fz-plants, have not yet 
been worked on; these materials are kept in a freezer for further 
study. 


1 + 2. V. phoenicewm X virgatum and reciprocal. Fig. 40. 

Not discussed by earlier authors. 

Flowercolour ranging from brownish yellow to reddish purple, in 
one and the same flower different colours shading off into one another; 
H.C.C. 606/1, 4r2, 74/3, 416, 0027/1, 0027/2. Fruitbearing plants 100% 
resp. 76.9% of the number of flowering plants; 28.7% resp. 16.0% 
with seeds (cf. table 4). Many well-developed fruits on each plant; 
fertility varying between very little and rather good, viz. a few to 
many seeds on each plant (“many means a few thousands); ger- 
mination percentage 10-20%. The habit of Fs-plants about the same 
like that of F;; almost sterile, a small number of plants only with a 
few seeds, sterile plants without fruits. 

3 + 4. V. phoeniceum X blattaria and reciprocal. Fig. 41. 

Discussed by KOELREUTER (1761-1766), GAERTNER (1849), 
MurBECkK (1933). 

Flowercolour purple in slightly differing shades; H.C.C. Ozo/1, 
030/3, 31/2. Fruitbearing plants 5.7% resp. 2.7% of the number of 
flowering plants; a small number (up to a few tens) small or well- 
developed fruits on each plant. Absolutely sterile with the exception 
of one plant of V. phoeniceum x blattaria; this produced 101 small to 
large fruits and about 300 seeds; germination percentage about 22%. 
Fz-seeds sown in spring 1959 gave 10 flowering plants, habit like F1; 
four plants with many seeds; sown in July 1959 not yet full-grown. 
This single fertile plant probably has been produced by a spontaneous 
doubling of the chromosomenumber; karyological study not yet 
completed. 

5 + 6. V. virgatum x blattaria and reciprocal. Fig. 42. 

Not discussed by earlier authors. 

Flowercolour sulphur-yellow; H.C.C.r/1. Habit much alike that of 
V. virgatum; the difference is perceptible by the long stalk of the 
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primary flower and later by the smaller fruits of the hybrid. All 
flowering plants produced fruits; three plants of WV. virgatum X 
blattaria only with seeds; many small to mediumsized fruits on each 
plant; slight fertility; number of seeds for the three plants resp. 96 
(germination percentage 12.5%), 2 and 26 (not yet sown). Fa six 
plants; habit like Fy, a slight variability in flowershape; rather many 
small fruits on each plant; 5 plants with seeds, 50-300 seeds. 

7 +8. V. phoeniceum X phlomoides and reciprocal. Fig. 43. 

Discussed by KOELREUTER (1761-1766), GAERTNER (1849), 
MuRBECK (1933). 

Flowercolour ranging from brownish yellow to reddish purple; 
in one and the same flower different colours shading off into one 
another; H.C.C. 606/1, Oro/l, ze2/l, 6re/l, 13/3, 416, 0027, 0027/2. 
Fruitbearing plants 2.9% resp. 44% of the number of flowering 
plants; both crosses 0.6% seed producing, viz. one plant of V. phoeni- 
ceum X phlomoides with seeds and three plants of the reciprocal 
cross, all in the same season; a few to many small to mediumsized 
fruits on each plant. These four plants produced resp. 109, 7, 16 and 
307 seeds; mean germination percentage 24.4%. Fo-habit like that of 
F;; most Fs-individuals without fruits; a few Fo-plants only produced 
seeds. 

9 + 10. V. virgatum X phlomoides and reciprocal. Fig. 44. 

Not discussed by earlier authors. 

Flowercolour sulphur-yellow; H.C.C. z/1. V. phlomoides X virga- 
tum slightly more robust than its reciprocal. Fruitbearing plants 
240% resp. 40.0% of the number of flowering plants; 3.8% resp. 
33.79 with seeds; many small to mediumsized fruits on each plant; 
fertility varying between low and rather high, a few to many seeds 
on each plant; germination about 15%. Fs-habit about the same like 
that of F,, but segregation in shape of corolla, with or without spots on 
the petals, colour and hairiness of leaves etc. About half the number of 
the F-plants with small to mediumsized fruits; one third of the 
number of plants with seeds; seednumber varying from one to many 
for each plant. 

1 + 12, V. blattaria x phlomoides and reciprocal. Fig. 45. 

Discussed by GAERTNER (1849), MURBECK (1933). 

Flowercolour sulphur-yellow; H.C.C. 7/1; a few plants with white 
flowers. Fruitbearing plants 2.5% resp. 1.3% of the number of 
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flowering plants; a few to some tens small to mediumsized fruits on 
each plant ; absolutely sterile. 

13 + 14. V. phoeniceum Xx bychnitis and reciprocal. Fig. 46. 

Discussed by KOELREUTER (1761-1766), WIEGMANN (1828), 
GAERTNER (1849), SIRKS (1916), MURBECK (1933). 

Flowercolour lilac in a few shades; H.C.C. 29/2, 30/2, 530, 530/2; a 
few plants white-flowered. Fruitbearing plants 19.2% resp. 29.1% of 
the number of flowering plants; many small fruits on each plant; 
absolutely sterile, two plants of V. lychmitis X phoemiceum excepted, 
producing one and seven seeds; one seed out of seven only germinated, 
producing an Fs-plant with F;-habit; fully fertile with a large number 
of large fruits with many seeds. A preliminary karyological study has 
shown that this Fz-plant had the double chromosomenumber as 
compared with the Fj-plants. F3-plants, flowering this year, again 
produce many fruits; their chromosomenumber being the same as 
that of Fa. 

15 + 16. V. virgatum X lychmitis and reciprocal. Fig. 47. 

Not discussed by earlier authors. 

Flowercolour sulphur-yellow; H.C.C. r/1. Fruitbearing plants only 
in V. virgatwm X lychmitis, viz. 95.8% of the number of flowering 
plants; 83.3% with seeds; many small fruits on each plant; low to 
rather high fertility, viz. a few seeds for each plant and three plants 
with resp. 175, 350 and many seeds; germination about 7%. Fz-habit 
like that of Fj, a slight difference in size and branching of the plants; 
many plants with mediumsized and large fruits with seeds. 

17 + 18. V. blattarta X lychmitts and reciprocal. Fig. 48. 

Discussed by KOELREUTER (1761-1766), GAERTNER (1849), SIRKS 
(1916), MURBECK (1933). 

Flowercolour sulphur-yellow; H.C.C. 7/1. All flowering plants with 
many small fruits; absolutely sterile. 

19 + 20. V. phlomoides X lychmitis and reciprocal. Fig. 49. 

Discussed by KOELREUTER (1761-1766), GAERTNER (1849), 
MurBeckK (1933). 

Flowercolour sulphur-yellow; H.C.C. z/l. Fruitbearing plants 
36,5% resp. 37.8% of the number of flowering plants; 32.6% resp. 
327% with seeds; fruit- and seedformation the same in both reci- 
procals. Many small fruits on each plant; slight to mediocre fertility, 
viz. a few to about 600 seeds on each plant; germination percentage 
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about 35%. Fe-habit like that of F,, segregating for flowercolour 
(yellow and white), shape of the corolla, colour and incisions of the 
leaves, etc. Most plants with fruits, varying from small to large; most 


plants with seeds. 


phoeniceum x gnaphalodes and reciprocal. 


V. 


50. 
x gnaphalodes and reciprocal. 


Fig. 
V. virgatum 


x lychnitis and reciprocal. 
Fig. 51. 


V. phlomotdes 


Fig. 49. 
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21 + 22. V. phoeniceum X gnaphalodes and reciprocal. Fig. 50. 

Not discussed by earlier authors. 

Flowercolour ranging from brownish yellow to reddish purple; 
in one and the same flower different colours shading off into one 
another; H.C.C. 606/2, Oro{2, r2/l, Are, 13/3, 416, 0027. Fruit- 
bearing plants of V. phoeniceum X gnaphalodes one percent of the 
number of flowering plants, viz. one plant with many large fruits and 
many seeds and two plants with resp. 36 and 50 small to large fruits 
and resp. 39 and 51 seeds. These plants were neighbours. One year 
later again one plant with 80 mediocre to large fruits and about 250 
seeds. Germination percentage of the first mentioned three plants 
about 40%. The Fa-plants, offspring from the plant with many seeds, 
flowering this year, appear to be fertile. The ancestor Fi-plant 
probably had the doubled chromosomenumber. 

23 + 24, V. virgatum X gnaphalodes and reciprocal. Fig. 51. 

Discussed by MURBECK (1933). 

Flowercolour canary-yellow; H.C.C. 2. Only V. virgatum X gnapha- 
lodes plants produced fruits, viz. 17.2% of the number of flowering 
plants; 14.8% with seeds; many small to mediumsized fruits on each 
plant; mediocre fertility, viz. about 600 seeds per plant; germination 
percentage about 17.5%. Habit of Fs-plants like that of F, with small 
differences in flowershape, hairiness, etc. ; a small part of the Fo-plants 
with small to mediumsized fruits; a few to many seeds on each plant. 

23 up to 30. V. blattaria x gnaphalodes, V. phlomoides X gnapha- 
lodes, V. lychnitis x gnaphalodes and reciprocals. Figs. 52-54. 

V. gnaphalodes x phlomoides discussed by MURBECK (1933). 

Flowercolour sulphur-yellow; resp. H.C.C. z/l, 7, z/l. Absolutely 
sterile; no fruitbearing plants. 


The results from these 30 crosses have shown, that not all species 
hybrids of Verbascum are sterile; a slight fertility being observed in a 
few of them. In particular the F;-plants of V. phlomoides x lychmtis 
and its reciprocal produce seeds, which give rise to a reasonably 
fertile Fa, which in its turn gives life to succeeding generations. Self- 
pollination of these Fz-plants has been successful. 

All crosses in which V. virgatwm was involved, appear to show a 
certain fertility; the Fs-families grown as their offspring generally 
were to a less extent fertile (V. virgatwm x bychmitis only was more 
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fertile in F»). These F-plants however had been grown from seeds 
obtained after free pollination, so that here a number of influences 
may have played a role. 
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Fig. 55. Shape of the corollae of species and Fi-plants. 1. V. blattaria. 2. V. 

gnaphalodes. 3. V. lychnitis. 4. V. phlomoides. 5. V. phoeniceum. 6. V. virgatum. 7. 

V. phoen. x virg.8. V. phoen. X blatt. 9. V. virg. x blatt. 10. V. phoen. Xx phlom. 

11. V. virg. X phlom. 12. V. blatt. x phlom. 13. V. phoen. X bychn. 14, V. virg. X 

lychn. 15. V. blatt. x lychn. 16. V. phlom. X lychn. 17. V. phoen. X gnaph. 18. 

V. virg. X gnaph. 19. V. blatt. x gnaph. 20. V. phlom. Xx gnaph. 21. V. lychn. x 
: gnaph.} X. 
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It is a peculiar fact, that the very crosses in which both parents have 
a highly different chromosomenumber, like those in which V. virgatum 
is involved, are more or less fertile, while crosses between plants with 
the same or about the same number of chromosomes are absolutely 
sterile. 

Until now meiosis has been studied in PMC'’s for three of these 
crosses: an absolutely sterile cross, viz. V. phoeniceum X lychmtis, the 
moderately fertile cross V. phlomoides X lychmitis and a cross with 
V. virgatum which is fertile in some degree, viz. V. virgatum X 
lychmitis and their reciprocals. The results of these karyological 
studies will be discussed in the next chapter. 


For the purpose of obtaining fertile plants, 1 have tried to double the 
chromosomenumber of Fj-plants by means of the colchicine method. 
A drop of a colchicine-solution of 0.1% in distilled water during ten 
days, two times a day has been applied to the growing point of young 
seedlings. It was of importance that the seedlings were as small as 
possible, because the drop persisted best on very small seedlings. 
Frequently a few plants die during treatment. After ten days in 
many plants an influence of colchicine becomes perceptible because of 
the retarded growth and the increase in swelling of the leaves. After 
treatment the plants have been raised in the same way like the 
untreated ones. During summer much damage has been done by 
insect-pests. The growth of the treated plants in the boxes for lining 
out was so slow, that at the moment ot planting out in the cold frames 
in autumn many of the plants were very small and not able to outlive 
the unfavourable winterconditions. Because of these difficulties of 
cultivation the percentage of plants which came to flowering was 
relatively low, while not all flowering plants appeared to be fertile. 
There is no sense in calculating the percentage of treated plants which 
resulted into plants with a doubled number of chromosomes. 

About 38.5% of all treated flowering plants (1822) were fertile. 
Checking the karyology of these plants has proved, that indeed the 
chromosomenumber has been doubled (cf. the next chapter). 

In four crosses this method up to now has not given any result: 
V phoeniceum x virgatum, V. lychmitis xX virgatum, V. blattaria x 
bychmitis and V. gnaphalodes x virgatum. In the remaining 26 crosses 
fertile plants have been obtained; it is true in some crosses one or a 
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few plants only. Especially the crosses V. phoeniceum X lychmitis, V. 
Phlomoides x lychnitis, V. phlomoides x gnaphalodes, V. lychmitis Xx 
gnaphalodes and their reciprocals were relatively successful; from 88 
to 203 flowering plants were obtained in these crosses and more than 
90% of these plants appeared to be fertile. 

In the various hybrids of Verbascum doubling the chromosome- 
number by means of colchicine succeeds in different degrees; in this 
way it appears possible to obtain fertile species-hybrids. 

The habit of the fullgrown polyploid plants does not differ much 
from that of diploid Fy-plants. They are little more robust and 
produce many well-developed fruits, full of seeds. It has appeared 
already in a few crosses, that in the F> the doubling has persisted, 
among others for V. phoeniceum X lychnitis, V. phlomoides x lychmitis 
and their reciprocals, in which crosses almost all Fs-plants have proved 
to be fully fertile. 


VI. THE KARYOLOGY OF THREE HYBRIDS 


The meiosis in PMC'’s of F;-plants has been studied for three 
specieshybrids; not only for untreated plants, but also for fertile 
individuals obtained by means of colchicine. In all plants phenomena 
have been observed caused by cytomixis, in the same way like these 
have been found in materials of the pure species. These processess will 
not be discussed. In these hybrids various abnormalities in meiosis 
again have been found to be concentrated in certain parts of the 
anthers. 


a. V. phlomoides (2n — 34) x lychmitis (2n — 34) and reciprocal. 
(Moderately fertile). 

In this cross a mixture of PMC’s has been observed, partly of 
cells in which meiosis was abnormal, partly of cells producing normal 
gametes. In diakinesis and first metaphase 17 bivalents always occur 
(fig. 56); ie. total allosyndesis, because both parents have the 
same chromosomenumber 2n — 34. In a number of cells first anaphase 
is quite normal; lagging has been observed to a small extent, not 
more than such was the case in the parentspecies, mostly of one pair of 
chromosomes, exceptionally for two pairs. Bridging and formation of 
fragments has been observed a few times only. (The occurrence of 
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fragments will be discussed more in details for the cross V. phoeniceum 
x lychmitis). 

The strongest derangements in meiosis of PMC’s have been found to 
occur in A-I, because in about half the cells the chromosomes are 
distributed over both poles in unequal numbers. The numbers in both 
separating groups can be counted rather frequently, but the clearest 


56 


58a 


Figs. 56-57. V. phlomoides x lychnitis F1. Fig. 56. M-I. 17 bivalents. 2050 
Fig. 57. MIL. 17 + 17 chromosomes. 2050 x. Fig. 58. V. Iychnitis x phlomoides 
F,. MIL, 15 + 19 chromosomes. 2125 x. Fig. 58a. Drawing after fig. 58. 
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picture of the distribution of chromosomes in A-I can be obtained 
from MIL, for which in various plants many cells contained one or 
both plates which could be counted with certainty. In fig. 57 a 
picture is given of a second metaphase, in which both plates consisted 
of 17 chromosomes; in fig. 58 the numbers of both plates are different, 
viz. 1S and 19. 

The numbers of chromosomes in one or both plates have been 
counted for a large number of PMC'’s for both reciprocal crosses, 
resp. in 7 and 4 plants. The results have been tabulated in tables 6a 
and 6b. For each chromosomenumber (15, 16, etc. resp.) the relative 
percentage has been calculated. 


TABLE 6a. V. phlomoides X lychnitis 


Number of Counted 
chromo- Number of counted plates plates in 
somes in plants 1-7 

M-II-plates 1 2 3 4 5 6 7 |Totall % 

14 — — 1 1 2 ne — 8 0.6 
15 2 6 4 13 8 3 37 2.6 
16 22 27 33 38 68 52 40 OSOM MRLN 
IZA 70 72 105 118 170 127 84 746 | 52.8 
18 33 37 43 45 65 42 30 29akr20:9 
KE, 4 4 dl 2 11 9 6 43 3.0 
20 — l — — 1 Ì — 3 0.2 
Total 130 143 195 | 208 | 330 | 243 163 | 1412 | 100.0 


TaBreE 6b. V. Wychnitis x phlomoides 


Nn 


he Counted plates 
chromosomes Number of counted plates in plants 14 
in | 
M-II-plates 1 2 3 4 Total %, 
14 — — — == == —= 
15 5 2 6 9 2e 856 
16 24 22 46 5 143 23.6 
12 50 el 97 108 288 47.4 
18 23 16 48 52 139 20) 
19 — 1 8 6 15 25) 
20 — —= == — en => 
Total zozo 14 205 226 607 100.0 
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There is a slight difference between the reciprocal crosses. In 
V. phlomoides x lychmitis more than half of the M-II-plates have 17 
chromosomes, the number varying in all plates between 14 and 20. In 
the reciprocal cross the number of M-II-plates with 17 chromosomes 
amounts to 47.4 only, while no cells with 14+ 20 chromosomes have 
been observed; the percentages for plates with 16 and 18 chromosomes 
here are somewhat higher than in V. phlomoides x lychmitis. The 
percentages found have been represented in the diagram of fig. 62. 


V.PHLOM.X LYCHN. V.LYCHN.X PHLOM. 
zal 60 


40 4 


30 4 


20 + 


EE 


PERCENTAGE 
PERCENTAGE 


(e) 


B 


ZZZ 
14 15 16 17 18 19 20 14 


Ee 20 
NUMBER OF CHR./MI —PLATE. NUMBER OF CHR./ MIT — PLATE. 


Fig. 62. Diagram of the chromosomenumber in M-LI-plates. 


In these counts of M-II-plates no difference has been found 
between moderately fertile and totally sterile plants. 

Generally the second metaphase and the second anaphase in these 
hybrids behave regularly, clearly shown in fig. 59. The frequency of 
lagging and of isolated chromosomes found in the plasm is not larger 
than that of the same phenomena in the species. 

It is possible that the distribution of the chromosomes in second 
anaphase behaves regularly, by which 4 daughternuclei are produced, 
two and two with the same number of chromosomes as both M-II- 
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plates from which they have originated. In this way PMC's with 4 
nuclei each with 17 chromosomes can be formed; this indeed has been 
observed in some A-Il-cells. However after the M-II an irregular 
distribution sometimes occurs again, by which a 17 + 17 combination 
can give other numbers of chromosomes. Counting all four plates being 
exceptional, not many data are available. The following A-lI-results 
have been observed among others: 
15 + 15 + 18 + 20 chromosomes from MIT with 15 + 19 


chromosomes 
16e 1ererl8 4-18 ES zn MEN Sh TOENE 
chromosomes 
17 + 17 + 16 + 18 5 …_ METL- nen, 
chromosomes 
& e ld 
Lj 
: SR ® © ® ® 
© e @ ® El 
e ie 
k de e be s 5 
À ° ö 
er 
» e 
e ® à S 
% de ® e à fz ® d & 
Ad @ se . 4 
e e ba 


® eN ® $ Ee) hd 
& ate ei he er 


Fig. 60. V. phlomoides Xx lychnitis Fig. 61. V. lychnitis x phlomoides F1 
F4. Pollen. 780 x. doubled with colchicine. Pollen. 780 X. 


By this the frequency of pollengrains with 17 chromosomes becomes 
less than 50%, but from the data available it is impossible to determine 
the exact percentage. The number of microcells in the tetradphase is 
as small as that in the species, according to the small number of micro- 
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nuclei and of isolated chromosomes. The pollen of V. Phlomoides X 
ychmitis has been pictured in fig. 60; less than 50% of the grains has a 
fullgrown size. 


65a 


Figs. 63-65. V. lychmitis x phlomoides Fj doubled with colchicine. 2125 x. Fig. 

63. M-I. 34 bivalents. Fig. 63a. Drawing after fig. 63. Fig. 64. M-I. One quad- 

rivalent at 8 o'clock. Fig. 65. M-II. 33 + 34 + 1 chromosome. Fig. 65a. 
Drawing after fig. 65. 


Since these hybrids are moderately fertile, it may be assumed that 
in a number of EMC’s meiosis also is regular. It seems impossible to 
estimate the degree of normality in EMC’s based upon observations in 
PMC’s, because the course of meiosis in PMC'’s and EMC's can be quite 
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different, as has already been found by TÁckHorM (1920) in Rosa; 
in his large book TiscHLER (1951, p. 589 ff.) gives more examples. 

The chromosomenumbers of Fz-plants of these crosses have not yet 
been studied; a few preliminary observations have shown that these 
numbers are the same as in Fi. So it seems that no doubling of 
chromosomes occurs. In one case only in V. phlomoides Xx lychmitis 
fusion of both M-II-plates has been observed. 


It has been mentioned already that a good number of fertile plants 
of V. phlomoides x lychnitis and its reciprocal has been obtained by 
means of colchicine-treatment. It appears that in this material the 
number of chromosomes has been doubled, if compared with un- 
treated plants. Meiosis is regular; the number of abnormalities not 
larger than that in the species. The first metaphase mostly shows 34 
bivalents (fig. 63); in a few cases one quadrivalent has been found 
(fig. 64), the occurrence of two quadrivalents once only. In A 
lagging of one or two pairs of chromosomes has been observed in a 
few cells; in many cases these chromosomes did not join the daughter- 
nuclei, as has been shown by the occurrence of one or a few chromo- 
somes isolated in the plasm of MIT. In cells in which both plates and 
the isolated chromosomes could be counted, a total number of 68 
chromosomes has been found always, which seems to prove that the 
isolated chromosomes result from lagging in A-I and not from 
cytomixis. In fig. 65 an example is given of a PMC in which the M-II- 
plates contain 33 and 34 chromosomes while one chromosome is 
isolated in the plasm. Separation of chromosomes in AI is quite 
regular. In the process of tetradformation the isolated chromosomes in 
MIL produce microcells. However the large majority of tetrads is 
normal, producing full-grown pollengrains (fig. 61). 


b. V. phoemiceum (2n — 36) X lychmitis (2n — 34) and reciprocal. 
(Sterile). 

Since this hybrid is absolutely sterile (two exceptional plants left 
aside), irregularities in meiosis can be expected. 

In six plants of V. phoenicewm X lychnitis and in two of the 
reciprocal cross it was the general impression that in diakinesis and 
in first metaphase 17 bivalents and one univalent occur (fig. 66). 
Since in this material it appeared difficult to obtain first metaphases 
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Fig. 66. V. phoeniceum x lychnitis Fy. M-L. 17 bivalents + 1 univalent. 2150 X. 
Fig. 66a. Drawing after fig. 66. Fig. 67. V. phoeniceum X lychmitis. F1. MI. 


950 x. Fig. 68. V. lychnitis x phoeniceum F1. Al. 2050 x. Fig. 69. V. 
phoeniceum Xx lychnitis Fy. M-II. 17 + 18 chromosomes. 2125 x. Fig. 70. V. 
phoeniceum x lychnitis F1. M-II. Both plates fused. 2125 x. 


66a 


68 


70 
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which could be counted with certainty, the degree of pairing could be 
stated in a few cells only. Other cases have been found a few times: 
16 bivalents + 3 univalents, 15 bivalents + 5 univalents engel 15) 
bivalents + 1 quadrivalent + 1 univalent. In most preparations 
M-I seemed to be quite regular (fig. 67), though occasionally cells 
have been observed, in which chromosomes do not reach the equatorial 
plate, just as it has been found in the species. In many cases it 
appeared impossible to distinguish univalents from bivalents, so that 
in M-I only the number of units could be counted. This was especially 
the case in two plants, one of each of the reciprocal crosses, in which 
pairing was less strong than in the other plants. Here about 23-27 
units have been counted in first metaphase; in V. wchmitis x phoem- 
cewm also cells with 17 bivalents and one univalent occurred. In these 
preparations early A-I-stadia were mixed among the M-I’s, so that it 
seems difficult to distinguish between two possibilities: the pairing of 
chromosomes is less-strong than in the other plants, or a number of 
bivalents had separated already. These cells however gave the im- 
pression of a first metaphase, so that the conclusion of a less strong 
pairing seems acceptable. 

The formation of bivalents in species hybrids can be very different, 
dependent on the homology of the chromosomes. In various crosses of 
Digitalis for instance HaAsE-BesseLL (1916, 1921, 1932) has found a 
diversity in pairing. In TriscHrERs book (1951) again many other 
examples have been mentioned. 

Obvious differences have been found in first anaphase. It seems 
probable that in PMC’s in which a strong pairing occurs, anaphase is 
quite regular with an occasional lagging of one or a few pairs of 
chromosomes. In such anaphases separating groups of 17 and 18 
chromosomes have been counted, sometimes 16 and 19. In a few cases 
it has been found that the one univalent divided also, by which 
nuclei with 17 + 1 „half”” chromosome (see p. 301) are formed. 

Distribution of chromosomes however is very irregular in PMC'’s 
in which in M-I many units are found. Judging from the size of the 
units, the separating bivalents go in front, while the univalents leave 
the equatorial plate at a later moment. This course is a general 
phenomenon in species hybrids, where univalents and bivalents occur 
together in the same metaphaseplate, for instance in Nicotiana 
(GOODSPEED, CLAUSEN and CHIPMAN 1926) and Papaver (LJUNGDAHL 


CYTOGENETICAL STUDIES ON VERBASCUM 301 


1922). Eight to ten chromosomes go to the poles very early, so that 
this number of bivalents should have been present. A number of 19 
to 15 univalents remains. In first metaphase, corresponding with 
analogous A-l-cells, 23-29 units can be expected; these numbers have 
been found indeed. 

All univalents that stay behind seem to divide. In most cases 
however these univalents, composed of two chromatids, in undivided 
form are distributed in a more or less regular way to both poles, what 
can be derived from the number of chromosomes present in M-II. A 
varying number of univalents (1-8) stays behind in the plasm, while 
they are found again as such in M-II. GoopsPEeD and CLAUSEN 
(1928) also have found univalents in a few hybrids of Nicotiana which 
seemingly started to divide; the numbers of chromosomes in MI 
however did show, that no division had taken place. But in the hybrid 
Nicotiana tomentosa x tabacum a division of univalents could be 
stated. 

Division however sometimes occurred in one or more univalents in 
V. phoeniceum X lychmitis and its reciprocal, since in the second 
metaphase one or a few “half chromosomes’’ (i.e. one chromatid from 
a divided univalent) are present. Fragments have been observed 
also. 

The study of the occurrence of fragments has not been wide enough 
to explain the mechanism of their origin. The occurrence of fragments 
in first anaphase of specieshybrids, mostly combined with bridging- 
connections, have been mentioned by various authors: MÜNTZING 
(1934) in Crepis, GEITLER (1937) in Paris, ENDRIzzI (1957) in Eu- 
Sorghwms, BRrowN (1958) in Gossypium, VENKATESH (1958) in 
Hemizonia. WALTERS (1950, 1957) has found breakage of chromosomes 
in hybrids of Bromus; she gives an ample description of the underlying 
mechanism. Since I have observed bridging-connections in a few A-l- 
cells of V. phoemiceum X lychmitis and its reciprocal, mostly one only 
in each cell, it seems to me not improbable, that in prophase breakage 
occurs, which by means of recombination gives rise to dicentric and 
acentric fragments. The chromosomes however are so small, that in 
bridges and fragments no structure can be seen. The fragments 
appear to be globular with a diameter a little smaller than the width of 
a “half chromosome”’ (so a smaller element than one chromatid). The 
number of fragments can amount to seven, so that various breakages 
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must have occurred in one nucleus. Neither can be stated whether 
these fragments have come from univalents or from bivalents. 

It appeared to be possible to count in different individuals in a 
large number of cells the number of chromosomes in one or in both 
M-II-plates. Besides in a large number of cells in these plants the 
number of isolated chromosomes in the plasm has been stated, both 
for “whole” and for “half” chromosomes, as also the number of 
fragments. The number of isolated chromosomes amounted from 0 to 
8, “half chromosomes”’ from O to 7 and fragments from O to 7; these 
elements were found to combine frequently; out of the large number 
of possibilities 166 have been realised in the cells studied, the number 
of which for both reciprocal crosses amounted to 2580, resp. 1830. In 
table 7 the percentages of these numbers of possibilities have been 


summarized. 
TABLE 7 
Elements in the plasm V. phoen. X lwchn. | V. lyehn. Xx phoen. 

none Roi 276 
whole chr. only 23.8% 13°9% 
whole + “half” chr. TA % 13:31 
whole chr. + fragments 30:69 31.6% 
whole + “half chr. + fragments 4,1% 10:85 
“half” chr. only ones ERE 
“half” chr. + fragments SA DA 
fragments only ENE WEE 

100.0% 100.0% 


So in very few cells all chromosomes in first anaphase went to the 
daughternuclei. In 8 cells the distribution 17 + 18 chromosomes has 
been observed (fig. 69), three times 16 + 19 chromosomes and once 
only 15 + 20 chromosomes. The odds of the origin of gametes with a 
number of chromosomes like that of one of the parents after A-I are 
very small. 

Fragments have been found in more than half the number of 
PMC's (resp. 59.7% and 66.2%), from which it appears that the 
occurrence of fragments is far from rare. 

Fig. 71 gives a picture of M-II in which chromosomes occur isolated 
in the plasm; fig. 72 shows two isolated chromosomes and five 
fragments in the plasm. 


ch Me 
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In all three plants which have been studied for the number of 
elements in the plasm, many M-II-plates have been counted also; the 
results have been summarized in tables 8a and 8b, while the per- 
centages found for the various numbers ot chromosomes, computed 
from the whole number of ‘cells studied, have been figured in the 
diagram of fig. 77. 


Figs. 71-72. V. phoeniceum X Iychnitis F‚. MIT. 2125 X. 
Fig. 71. 14 + 15 + 5 + 1 chromosomes. Fig. 72. 16 + 2 chromosomes + 5 
ì fragments. 
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In both reciprocal crosses the percentages for the various numbers 
of chromosomes are about the same; in V. phoeniceum X lychmitis 
these numbers vary from 13 to 21, in the reciprocal from 10 to 20. One 
fourth only of the number of M-Il-plates studied had 17 chromo- 
somes; the number of chromosomes of V. phoeniceum (18) has been 
observed in a smaller number, while plates with 16 chromosomes are 
represented in the highest percentages. 


Fig. 78e Iychmitis Xx phoeniceum F. Tetrads. 950 x. Fig. 74. V. Phoeniceum x 
lychnitis F, doubled with colchicine. Tetrads. 925 x. 
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TABLE 8a. V. phoeniceum X lychnitis 
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Number of 
chromosomes 
in 


Ô 


Number of counted plates 


Counted plates 


in plants 1-3 


M-II-plates 1 2 3 Total 9, 
10 4e Ln hed e ER! 
11 a En ee pes pn 
12 BE ke pen pe Dn 
13 5 4 4 13 1.8 
14 21 16 6 43 5.9 
15 49 30 39 118 162 
16 81 60 63 204 27.9 
17 77 40 68 185 25.3 
18 43 28 52 123 16.9 
19 9 16 15 40 5.5 
20 1 1 1 3 0.4 
21 í E, ke 1 0.1 

Total 7 195 248 730 100.0 


TaBrer 8b. V. lychnitis x phoeniceum 


NN Nd 


Number of 
chromosomes 
in 
M-II-plates 
10 


11 
12 


Number of counted plates 


Counted plates 
in plants 1-3 


Ì 2 3 Total | % 
zi == 2 2 0.3 
— 2 3 0.5 
l 6 6 13 2.2 
5 13 11 29 4.8 
29 40 23 92 15.3 
56 70 41 167 2 
47 67 32 146 24,2 
35 49 25 109 18.1 
7 17 10 34 5.6 
3 3 2 8 1.3 
184 265 154 603 100.0 
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In a few slides PMC’s have been observed, in which both M-II- 
plates had fused (fig. 70); in conformity with this A-II-stadia have 
been found, in which two separating groups of chromosomes only 
were present. By this the possibility of doubling the number of 
chromosomes in the gametes has been given. Various authors have 
mentioned such a fusion in M-II in specieshybrids, for instance 


V.PHOEN X LYCHN. 
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Fig. 77. Diagram of the chromosomenumbers in M-II-plates. 


HÄKANSSON (1926) in the spontaneous Verbascum-hybrid “densi- 
florum”’, LJuNepaur (1922) in Papaver, HAASE-BESSELL (1932) in 
Digitalis, KooPMANs and vAN DER BURG (1952) in Solanum. 

In chapter V two plants have been mentioned of the cross V. 
bychnitis x phoenicewm which produced one resp. seven seeds, from 
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which one plant with a doubled number of chromosomes has been 
grown. The development of EMC'’s is unknown, but from the micro- 
sporogenesis it can be derived that the doubling of the chromosome- 
number as a result from fusion of two M-II-plates may have played a 
role in the origin of this seed. - 

In second anaphase the chromosomes separate in a rather regular 
way; however because of the presence of chromosomes in the plasm 
in M-II, which divide or not, the cells sometimes have a very dis- 
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Fig. 75. V. lychnitis x phoeniceum F1. Pollen. 780 x. Fig. 76. V. phoeniceum 
x lychmitis Fy doubled with colchicine. Pollen. 780 x. 


orderly appearance. A few cells have been found with a fully regular 
All. Fragments have been observed, but their number was smaller 
than in M-I; probably because of the fact that fragments are not 
recognizable as such, since the divided chromosomes in All are 
about the same size. 

A few combinations of chromosomenumbers found in All (the 
fifth number mentions the number of chromosomes isolated in the 


plasm) are: 


76 
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12 + 12+ 15 + 17 + 7 undivided M-II-chromosomes. 
12edenl5 derk6 enl9k8 
le 5 20520 EEN 
15ste bee Hef 20e 3 
15 + 16 4 16 + 16 +7 
16 + 17 + 18 + 18 + 1 
16 17 + 17 18 2 
L6plerd Beuh leid 


So few of the gametes will have the same number of chromo- 
somes like one of the parents (17 or 18). 

The isolated chromosomes occurring in A-lI-plasm give rise to 
microcells in the tetradstage (fig. 73). The pollen is very small (fig. 75); 
a very few grains only have a well-developed appearance. These 
exceptional good pollen grains probably have originated from PMC's, 
in which M-II-plates had fused. This assumption is in accordance 
with the fact, that the only Fa-plant obtained has been a polyploid. 
However the possibility can not be excluded, that gametes with 17 or 
18 chromosomes develop into functional pollen. 

The microsporogenesis described in these crosses, does explain a 
high degree of sterility, but not the complete sterility which has been 
found. 


In V. phoemceum X lychmitis and its reciprocal a good number of 
fertile plants has been obtained after colchicine treatment. The 
number of chromosomes, doubled in comparison with that of the 
Fy-plants amounts to 2n — 70. Meiosis is not quite regular. 

In diakinesis in a number of cells two nucleoles have been observed, 
which are situated next to each other, separated by one bivalent. The 
pairing of chromosomes in diakinesis and first metaphase has been 
complete to 35 bivalents or 33 bivalents and one quadrivalent. In 
fig 78 an M-I with 35 bivalents is pictured; to the right (at 3 o'clock) a 
bivalent with two satellites can be seen. First anaphase showed 
lagging rather frequently, for one to five pairs of chromosomes. Not all 
of these laggards reached the daughternuclei, so that in M-II many 
cells were present with chromosomes isolated in the plasm, in a few 
slides in more than half of the cellnumber (fig. 79). In tetradformation 
microcells occurred in such slides (fig. 74), though a large number of 
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tetrads was found with four well-developed cells. Far the majority of 
pollengrains appeared well-shaped (fig. 76). 


c. V. virgatum (2n — 66) X lychnitis (2n — 34) and reciprocal. 
(Slight fertility). 

The chromosomenumbers of both parents are very divergent; 
meiosis shows many irregularities. 


78a 


Figs. 78-79. V. phoeniceum x lychnitis Fy, doubled with colchicine. Fig. 78. 
M-I. 35 bivalents. One with 2 satellites at 3 o'clock. 2050 x. Fig. 78a. Drawing 
after fig. 78. Fig. 79. M-II. Chromosomes isolated in the plasm. 920 Xx. 


In various plants cells in diakinesis and first metaphase have been 
found in which the chromosomenumber could be counted more or less 
exactly. It appeared impossible to distinguish univalents from 
bivalents, because of which the number of units only could be deter- 
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Figs. 80-83. V. virgatum x lychmitis F1. Fig. 80. M-I. About 42 units. 2050 Xx. 
Fig. 81. ML. Units outside the equatorial plate. 925 Xx. 
Fig. 82. A-I. Lagging. 925 x. Fig. 83. AI. Dividing univalents. 2050 x. 
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mined. In four plants of V. virgatum X lychmitis and in two of V. 
ychmitis x virgatum for diakinesis and first metaphase the units have 
been counted in a rather large number of cells; from these numbers 
the mean value has been computed. 

In the first cross the number of units in diakinesis varies between 32 
and 46, in M-I from 30 to 57; the mean number was 37.9 (for 51 
diakinesis-cells) and 40.7 (for 54 M-I-cells). For the reciprocal cross in 
diakinesis the number ranged from 32 to 41 units, in M-I from 31 to 
47, with mean values of 36.8 (in 43 diakinesis-cells) and 40.3 (in 44 
M-I-cells). In both crosses pairing was shown to be a little stronger in 
diakinesis as compared with metaphase. A mean value of 40 units in 
each metaphaseplate agrees with the presence of 10 bivalents and 30 
univalents. A complete allosyndesis would produce 17 bivalents and 
16 univalents. In fig. 80 an M-I has been pictured with about 42 units. 

In most first metaphases one or a few chromosomes were left out of 
the equatorial plate (fig. 81) and in the first anaphase a few chromo- 
somes move to the poles at a very early stage; because of this it 
sometimes is very difficult to decide the real stage of division. When 
the anaphase is in full swing, the bivalents go in front, while the 
univalents seem to split in the equatorial plate (fig. 82). In most 
plants the univalents reach the daughternuclei in undivided state; in 
M-II a few “half chromosomes”’ and fragments have been found but in 
a number much less than that for V. phoeniceum X lychmitis and its 
reciprocal. Bridging connections in Al also are exceptional. 

In both crosses one plant has been found, in which a large number 
of univalents separated in first anaphase (fig. 83) by which the 
number of chromosomes in M-II in both plates together (contingent 
isolated chromosomes included) surpassed the number of 50. This 
splitting of univalents in AI has been mentioned by various authors, 
for instance HAKANSSON (1926) in a Verbascum x Celsia-hybrid, 
LjUNeDAHL (1922) for Papaver, TÄCKHOLM (1922) for Rosa, BROWN 
(1958) for Gossypium; the work of GOODSPEED and CLAUSEN (1928) has 
been mentioned already. 

A peculiar phenomenon has been observed at the end of the second 
prometaphase. In this stage the chromosomes appear to be arranged 
in two spindle-like figures, which in many cases proceed to fusion 
(fig. 84). In M-II cells with two plates and cells with one plate are 
mixed (fig. 85), while an intermediate form is shown by both plates 
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Fig. 84. V. lychnitis x virgatum F1. PM-II. Beginning of fusion. 925 x. 
Fig. 85. V. virgatum X lychnitis F,. M-II. Fused and not-fused plates. 925 
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lying in prolongation of each other almost in touch. One of the 
results is pictured in fig. 86, in which two metaphase-plates with 14 
resp. 18 chromosomes are joined by 18 chromosomes, scattered in the 
plasm between both plates. In many cases it is difficult to determine 
which chromosomes belong to one of the plates and which not. Even 
when the plates are fused many chromosomes can be found scattered in 
the plasm. This phenomenon can not be the result of lagging in first 


i j ti — ‚ Fig. 86. 14 + 18 + 18 
Figs. 86-87. V. virgatum X lychnitis F1. MI. 2050 x. Fig. 86 
Ee Fig. 86a. Drawing after fig. 86. Fig. 87. 27 + 33 + 2 chromo- 
somes. 
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Fig. 88. V. lychnitis x virgatum F,. MIT. 59 chromosomes. 2050 x. Figs. 89-90. 
V. virgatum X lychnitis F1. 925 Xx. Fig. 89. AIT. Cells with 2 and with 4 
separating groups. Fig. 90. Tetrads. 
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anaphase; for this too many chromosomes are isolated. In PM-II 
figures are very long-drawn, so it may be supposed that not always all 
chromosomes in M-1I reach the equatorial plate. 

The exact ratio of fused and non-fused plates has not been deter- 
mined. In four plants of V. virgatum Xx lychnitis and in three plants 
of the reciprocal cross (the plant with many dividing univalents 
included) more than half the M-II-stadia have shown fused plates; in 
some parts of one anther all plates were fused; AIT and T-II in that 
case showed two groups of chromosomes only. 

The number of fused M-II-plates in the individual of V. virgatum x 
lychnitis with many dividing univalents was relatively low, about one 
fifth of the whole number. In fig. 87 a cell of this plant has been 
pictured, in which two M-II-plates with resp. 27 and 33 chromosomes 
are present, next to two chromosomes isolated in the plasm. From 
this total number of 62 chromosomes it can be concluded, that in 
first anaphase 12 univalents have divided. Fig. 88 represents a fused 
M-II-plate with 59 chromosomes, found in the other plant with 
dividing univalents. 

The general appearance of second anaphase in most plants have 
been figured in fig. 89, in which cells with four and cells with two 
groups of separating chromosomes occur next to each other. Lagging 
in AI is rather frequent; together with chromosomes in the plasm, 
originating from M-II, these laggards form microcells in the tetrad- 
stage. The result is that in most tetrads two large cells and one to 
nine microcells are present; the other tetrads consist of four large cells 
and one or more microcells (fig. 90). The pollen contains many large 
grains and a low number of very small, unfit grains (fig. 91). 

Chromosome counts have been made in a large number of M-II- 
stages in two plants of each reciprocal cross, both in cells with two 
separated plates as in cells with fused plates. The results have been 
shown in tables 9a and 9b. The reciprocals do not differ greatly. The 
range of the chromosomenumbers in the single plates has appeared 
to be very wide, viz. 10-35 chromosomes each with maximum per- 
centages (computed from the total number of cells) of 18-20 chromo- 
somes for each plate. In the case of a normal meiosis 25 chromosomes 
for each plate is the expected number, but this number has been found 
in a low percentage only. 

As regard the fused plates: in less than 10% all 50 chromosomes 
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Fig. 91. V. virgatum X lychmitis F1. Pollen. 780 x. Figs. 92-93. V. virgatum X 
lychmitis Fy doubled with colchicine. Fig. 92. Pollen. 780 x. Fig. 93. M-II. 50 
chromosomes. 2050 Xx. 
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TABLE Ja. Number of chromosomes in not-fused M-II-plates 


De 
V. virg. X Iychn. 


Number of 


V.lychn. X virg. 


eee Number of | _Counted Number of Counted 
zn counted plates in counted plates in 
M-II-plates plates plants 1 + 2 plates plants 1 + 2 
l 2 Total JA Ì 2 Total De 
10 — l l 0,5 
11 3 — 3 2.0 
12 — 2 2 1.0 3 — 3 2.0 
13 2 8 10 4.9 2 — 2 IRS 
14 3 6 9 4,4 2 l 3 2.0 
15 3 6 5) 4,4 2 2 ES 
16 5 8 13 6.4 5) 4 9 5.9 
17 11 8 19 9.3 te) E 9 5.9 
18 13 D 20 9.8 IE 7 19 12.5 
19 9 Z 16 7.8 7 9 16 10.5 
20 15 9 24 11.8 10 9 19 1255 
21 8 10 21 10.3 9 d 13 8.6 
22 5, 5 14 6.9 9 2 11 HD 
23 9 6 15 7.4 5 8 13 8.6 
24 3 8 11 5.4 4 7 11 Ze? 
25 5 l 6 20 5) 5) 10 6.6 
26 3 — 3 1.5 4 l 5 3.3 
27 5 — 5 ZE 2 185 
28 — l — l Of 
ZI l 2 3 185 — 
30 De == = 
31 == Ì 0.5 — 
32 l == l 0.5 
33 — l l „0.5 
34 — == — nr, — — — — 
35 l —- l 0.7 
Total 108 96 204 | 100.0 90 | 62 152 | 100.0 


have kept together in one plate; in the others a few to many chromo- 
somes (up to 14) are isolated in the plasm. The highest percentages 
have been found for plates with 46-48 chromosomes. 

In the individualof V. virgatum x lychmitis with dividing univalents 
in 114 cells the total number of chromosomes in second metaphase 
could be counted, thus comprising two plates and isolated chromo- 
somes together. These totals for each cell ranged from 59 to 71 chromo- 
somes, with a mean number of 65.0. So it may be concluded that a 
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TABLE 9b. Number of chromosomes in fused M—II-—plates 


en 


V. virg. X bychn. V.lychn. X virg. 
A Number of Counted Number of Counted 
ee counted plates in counted plates in 
EEN plates plants 1 + 2 plates plants 1 + 2 
l 2 Total % Ì 2 yeFotat 9% 
36 1 2 Bl 
07 1 en 1 IED 
38 — 1 Ë 155 TS 
39 —— 8 ö 4,6 1 — 2.4 
40 l — l (55) l 2 4.8 
41 | 2 4,8 
42 l Ì 2 4.8 
43 3 En 5 4.6 l — 1 2.4 
44 3 5 8 123 
45 l l 2 Suk 3 Ï 4 9.5 
46 Á 2 9 13.8 5 1 6 14.3 
47 6 7 13 20.0 5 4 9 21.4 
48 4 8 12 18.5 ho) 5) 8 19.0 
49 4 2 6 9.2 — 8) 5) Zelk 
50 l 3 4 6.2 — 4 4 9.5 
Total 32 | 33 | 65 [100.0|[ 23 19 | 42 | 1000 


minimum of 9 and a maximum of 21 chromosomes had divided in 
first anaphase. As has been mentioned before, in this plant fused plates 
were rather exceptional. In 34 cells one of two plates could be counted ; 
the results of these countings, together with those of the 114 cells 
mentioned above, have been collected in table 10 and represented in a 
diagram in fig. 94. 

The plant with dividing univalents from the reciprocal cross, in which 
more than half of the cells showed fusion of M-II-plates, for the 
chromosomenumber of single plates gave about the same results; the 
number of chromosomes varied here from 50 to 63, with a mean value 
of 57.6. 

In second anaphase the univalents divide again. This may be 
concluded from the total number of chromosomes in each A-lI-cell, 
which ranged from about 116 to about 135 in the cells available for 
counting. A few examples of chromosomenumbers in these A-II-cells 
may be given here (the fifth number representing the chromosomes 
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TABLE 10 
Not-fused M-II-plates Fused M-II-plates 
Ntmbee óf Number of 6 Na Number of 
chr./plate eed j chr./plate Bed Jo 
plates plates 

18 Ì 0.4 59 2 17 
19 — — 60 3 2.6 
20 — — 61 5 2.6 
21 3 ld 62 10 8.8 
22 3 dd 63 10 8.8 
23 11 4.2 64 15 NSD 
24 16 6.1 65 19 16.7 
25 17 6.5 66 26 22.8 
26 24 9.2 67 14 258 
27 38 14.5 68 6 0! 
28 42 16.0 69 4 SJ) 
29 28 10.7 70 jl 0.9 
30 21 8.1 71 l 0.9 
31 19 7:38 
32 13 5.0 
33 10 3.8 
34 10 ‚8 
35 3 (Et 
36 2 0.7 
37 — — 
38 Ì 0.4 

Total 262 100.0 114 100.0 


isolated in the plasm): 


EME WE wr ek 
EWE KOE RU 
mre ge te al 
24 H 25 + 25 + 25 + 26 
ong le Keur ae ee le 
IEEE ENE WV 
PS Ve EJ 


_ Itis of importance that this repeated division of univalents produces 
an increase of chromosomenumber. According to TISCHLER (1951) very 
little is known about this repeated division of univalents, the pheno- 
menon being exceptional. In the hybrids of Papaver (LJUNGDAHL 
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De) 


PERCENTAGE 


LIZ NW Zà 
59 6O 61 62 63 64 65 66 67 68 69 70 71 
TOTAL NUMBER OF CHROMOSOMES IN Mz. 


PERCEN TAGE 


ZZZ Ze 2222 7drrrz 
[8 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
NUMBER OF CHR. / Mr — PLATE: 


Fig. 94. V. virgatum X lychnitis Fy-plant with dividing univalents. Diagram of 
the chromosomenumbers in M-II-cells with fused plates (at the top) and in cells 
with not-fused plates. 


1922) the univalents divide in first anaphase, but in the second 
division they separate as an undivided entity to the poles. TÄCKHOLM 
(1922) for Rosa gave an example of univalents which split lengthwise 
in both divisions. HÁKANSSON (1926) mentioned the same process for a 
Verbascum x Celsia-cross. 

It has appeared that V. virgatwm X lychmtis is fertile to a slight 
degree. The reciprocal cross contained three plants only, which all 
were sterile; this number however is too small to allow any conclusion 
regarding fertility. 

As has been mentioned before, 20 Fi-plants of V. virgatum X 
lychmtis produced seeds, viz. in 17 plants a few seeds on each plant 
only, ranging from 1 to 30, and in three plants a good number of seeds 
(175, 350 and about 3000). The mean germination percentage of these 
seeds amounted to 69%; for seeds from the plants with a small 
seedproduction the germination percentage was much higher (24,6%). 

The plant with 175 seeds has shown the division of univalents 
mentioned above and a very little frequency of fusion of M-II-plates. 
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In second anaphase the gametes possess 21-36 chromosomes with a 
mean value of 26.8. Besides the cells with fused M-II-plates produced 
gametes with about double this chromosomenumber. 

No materials for microscopical studies were available from the 
plants with 350 and 3000 seeds. 

The karyology has been studied in four plants with a low seed- 
production; in more than half the number of M-II-cells in these 
plants both plates had fused. In some of these plates (less than 10% 
of the total number counted) all 50 chromosomes were grouped 
together; these cells can produce gametes with 50 chromosomes, so the 
doubled number. 

The chromosomenumbers have not yet been counted in the ob- 
tained Fs-plants. The majority of the plants however produced fruits 
with many seeds and so they gave the impression to possess a doubled 
chromosomenumber. 

The number of Fy-plants studied for this karyology has been too 
small, since the results were so divergent, to allow a reliable ex- 
planation of fertility. It may be assumed that the doubling of chromo- 
somenumber, a result of the fusion of M-II-plates, has been the cause 
of the slight fertility. However it seems possible that in the plant with 
175 seeds (as also in both other plants with a large number of seeds) 
part of these has been produced by gametes with an undoubled 
chromosomenumber; the vitality of these seeds being small. In the 
reciprocal cross a plant has been found with a quite different combi- 
nation of characters: dividing univalents, fusion of M-II-plates for 
more than half of their number and sterility. 

It seems worth while to study many plants in these crosses karyolo- 
gically; the few plants, discussed in this paper, already have shown 
many divergent and interesting phenomena. 


Colchicine-treatment has produced four fertile plants with a 
doubled chromosomenumber in V. virgatum Xx lychmitis, none in the 
reciprocal cross. The meiosis in these plants has been quite regular. 
In first metaphase 50 bivalents have been found, in one case 48 
bivalents and 1 quadrivalent. Lagging in first anaphase is scarce; in 
agreement with this the second metaphase shows one or a few isolated 
chromosomes in the plasm in a small number of cells only. Fig. 93 
pictures an M-II-plate with 50 chromosomes. Second anaphase also is 
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normal, so that in tetradstage microcells are rare. The pollengrains 
(fig. 92) generally are large and well-shaped. 


VII. CONCLUSION 


The study of specieshybrids in the genus Verbascum, reported in the 
preceding chapters and still incomplete in many details, has shown 
that the course of things in the various hybrids can be very different. 

First of all the fertility diverges greatly. Some hybrids are absolutely 
sterile, those in which V. virgatwm is involved show a slight fertility 
and the F, between V. phlomoides and V. lychmitis contains many 
seedbearing plants, from which an Fa, fertile for the greater part, can 
be grown. 

In hybrids which as a rule are sterile, a few seeds can be obtained, 
originated by spontaneous doubling of chromosomes in the formation 
of gametes, like such has been found in V. lychmitis x phoeniceum. 
Probably this has been caused by a fusion of both plates in second 
metaphase of PMC'’s, as has been shown in this paper. It is unknown 
what happens in the EMC's. 

Fully fertile plants among F1's which are otherwise sterile have been 
found two times in V. phoenicewm X gnaphalodes and once in V. 
phoeniceum x blattaria; their offspring showed a doubled chromo- 
somenumber. Here probably a somatic doubling of chromosomes has 
occurred in an early stage of development of the Fy-individual. It does 
not seem probable that these fertile Fj-plants should have originated 
from parental gametes which had doubled their number of chromo- 
somes, since their is no indication at all that this process takes place 
with plants of the species. 

Differences in fertility can be explained for a great part by the 
karyology of PMC'’s, though not entirely for the complete sterile 
hybrids. A few preliminary observations have shown, that in those 
hybrids which have not yet been studied in detail, the pollenformation 
follows the same lines, which already have been found for the micro- 
sporogenesis described in this publication, that is to say in the sterile 
crosses like the process in V. phoeniceum x lychmitis, in the crosses 
with V. virgatum like that of V. virgatwm x lychmitis. 

A few details of microsporogenesis in various hybrids appeared to be 
different. First of all the frequency of chromosomepairing in first 
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metaphase diverges, which is understandable, because the chromo- 
somenumbers of the parents are not the same and because differences 
in homology between various parental chromosomes may occur. 
Within WV. phoeniceum X lychnitis and its reciprocal differences 
between Fj-plants have been found, because here next to plants with a 
complete allosyndesis a few others occur, in which only half of the 
possible number of bivalents has been found. 

Fragments are formed frequently in V. phoeniceum X lychmitis and 
its reciprocal and to a less degree in the two other crosses described 
above. The univalents of V. phoeniceum x lychnitis and its reciprocal 
do not divide (sometimes with exception of the only univalent 
remaining after complete allosyndesis); those in V. virgatum X lych- 
mitis as a rule no more, though they divide in a few exceptional 
plants. Furthermore there is a great difference between crosses with 
V. virgatum and the other hybrids, because in V. virgatum-crosses 
more than half the number of M-II-plates undergo a fusion (one 
single plant excepted). 

The karyological differences observed in the specieshybrids of 
Verbascwm are no exceptions at all; analogous results obtained by 
other authors have been mentioned in chapter VI. 

It has appeared possible to double the chromosomenumber of 
Fy-plants and to obtain completely fertile specieshybrids of Verbas- 
cwm by means of colchicine. It looks probable that this doubling of 
chromosomenumber and the fertility will last in the following gener- 
ations, so that by this process new species of Verbascwm can come to 
existence. 

The descriptions of specieshybrids in Verbascwm given by earlier 
authors, generally agree with my observations. The partial fertility 
of a few crosses has been mentioned already by GAERTNER (1849) and 
WIEGMANN (1828), while KOELREUTER (1761-1766) ascribed the 
origin of a few seeds, found on plants of V. phlomoides x lychmitis, to 
backcrossing between the Fy and one of the parents. These authors 
_stated also the complete sterility of other hybrids of Verbascum, which 
has been confirmed by SirKs (1916). 

In chapter IV it has been mentioned, that only two of the chro- 
mosomenumbers of species, found in my study, did agree with obser- 
vations of earlier authors. For the species V. lychmitis, V. phlomoides, 
V. phoeniceum and V. virgatwm HÄKANSSON (1926) gave numbers, 
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which are not in accord with my results; I could confirm only his 
counting of n= 15 for V. blattaria. Various details of microsporo- 
genesis, described in this publication, agree with HAÄKANSSONS 
observations, for instance the results of cytomixis and the fusion of 
both M-II-plates in some cells. 

HAKANSSON supposed that a polyploid series can be found in the 
genus Verbascum, starting with n= 16 and containing also the 
numbers n= 24 and n= 32. Species of Verbascum with these 
numbers have been mentioned in table 1 (p. 243). However the 
numbers 1 counted do not point in this direction. HÁKANSSON also 
found some numbers which do not match this series, but he tried to 
explain these exceptions by assuming elimination, non-disjunction and 
so on. 

In my opinion the number of chromosomes thus far known for 
species of Verbascum, do not give any certainty for conclusions about 
relationships between these species and the evolution within this 
genus, especially because of the large number of species, which has not 
yet been studied. 

The taxonomy of MuRrBECK (1933) no more gives a satisfactory 
explanation. The six species crossed in my study, are placed rather 
near each other two and two by MURBECK, viz. V. phlomoides and 
V. virgatum both in the group of Heterandra, V. gnaphalodes and 
V. lychmitis in the Isandra/Leianthera and V. blattaria with V. phoe- 
niceum both in Singuliflora. My observations regarding fertility and 
sterility in F‚-plants have nothing to do with this grouping. The cross 
between V. phlomoides (Heterandra) and V. lychnitis (lsandra/Lei- 
anthera) shows a strong homology of chromosomes, which appears 
from the complete allosyndesis. 

A further karyological study of many species and their hybrids only 
can throw some light upon the relation between chromosomenumbers 
and the difficult taxonomy of the genus Verbascum. 


VIII. SUMMARY 


The chromosomenumber in six species of Verbascum has been 
determined in roottips and in PMC’s: V. blattaria 2n — 30, V. gnapha- 
lodes 2n = 36, V. lychnitis 2n —= 34, V. phlomoides 2n —= 34, V. 
phoeniceum 2n — 36, V. virgatum 2n — 66. 
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Meiosis in PMC's in these species is normal with exceptions in a few 
cells, viz.: the results of cytomixis, lagging and isolated chromosomes 
in the plasm, micronuclei, stickiness. It is supposed that changing 
weather conditions may influence these meiotic disturbances. 

These six species have been crossed mutually; the 30 crosses 
possible, two and two reciprocals, all have been obtained, be it in 
divergent numbers of individuals, dependent upon the degree of 
success in these crossings. Hybrids with V. virgatwm especially are not 
easily obtained, probably in consequence of the great difference in 
chromosomenumber between V. virgatum and the other species. 

A number of characters of the Fi-plants have been discussed by 
mutual comparison. 

Out of these 30 crosses 18 are absolutely sterile; a few exceptional 
cases of spontaneous doubling of chromosomenumber have been 
mentioned. The ten crosses in which V. virgatwm is involved are 
slightly fertile, while V. phlomoides x lychmtis and its reciprocal 
produces a quantity of seeds, from which a reasonably fertile F2 may 
be grown, which gives life to sequent generations. 

A few preliminary notes are given concerning Fe-plants. 

Meiosis in PMC'’s has been studied in three hybrids and their 
reciprocals. In the moderately fertile hybrid V. phlomoides (2n — 34) 
Xx lychmitis (2n — 34) meiosis is rather regular; almost half the 
number of pollengrains have the chromosomenumber n = 17. 

In the cross V. phoeniceum (2n — 36) X lychmitis (2n = 34) which 
is absolutely sterile, meiosis is abnormal, which explains a high degree 
of sterility, but not its absolute sterility as observed. 

In the cross V. virgatwm (2n — 66) x lychmitis (2n — 34) meiosis is 
abnormal to a high degree, but a small quantity of seeds can be 
produced, probably in consequence of a doubling the chromosome- 
number by means of a fusion of M-II-plates. 

It has been proved possible to obtain fertile specieshybrids of 
Verbascum by application of a colchicine-treatment. These hybrids and 
their offspring may be considered new species. 
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